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ABSTRACT 
The littoral and nears
hore regions of Long K
ey and Boca 
Chica Key, Florida can
 be divided locally in
to three 
subenvironments: the 
beach; subtidal sand;. 
and subtidal grass 
bed. Sediment texture
 and composition of th
e coarse fraction 
(>l/16mm) of the beach and s
ubtidal sediments were
 determined by 
sieving, and point cou
nting the constituents
 in the 00 and 10 
size fractions, for tw
enty-seven samples col
lected from four 
transects at the two b
each localities. 
The most useful textu
ral parameter in differ
entiating the 
subenvironments is sor
ting, which is affecte
d by both the energy 
conditions of the area
 and the types of near
by carbonate 
' 
contributing organisms
. Samples collected fr
om offshore regions 
were generally more p
oorly sorted than the b
each samples. 
Particles from the bea
ches did exhibit sligh
tly greater signs of 
abrasion. 
Constituent compositio
n analysis indicates t
hat the skeletal 
remains of Halimeda, m
olluscs, coralline alga
e and foraminifera 
comprise the bulk of t
he sediment in the stu
dy area, with corals, 
echinoids, crustaceans
, worm tubes and bryoz
oans found in lesser 
amounts. Gradual chan
ges in the relative ab
undances of the major 
constituents in either
 the 00 or 10 size fractions
 distinguish 
beach, subtidal sand a
nd grass bed sediment.
 Beach sections at 
Long Key and Boca Chic
a showed approximately
 the same relative 
1 
abundances. Subtidal sand and gra
ss bed samples contained 
different abundances of the major constituen
ts, primarily 
Halimeda, foraminifera and mollusc
s, than beach samples. 
Subtidal samples from Boca Chica K
ey contained foraminifera in 
greater quantities, in both 00 and
 10 fractions, than either the 
Boca Chica beach sediment or the L
ong Key subtidal sediment. 
Similarities in sediment compositi
on between beach sections 
are attributed to comparable nearb
y sources of sand-sized 
sediment at both beach localities.
 Differences are due to an 
offshore source of foraminifera at
 Boca Chica Key, The sorting 
potential at both beaches appears 
quite similar, though 
foraminifera at Long Key have been
 transported onshore while at 
Boca Chica they have been trapped 
in offshore regions. The 
observed characteristics of the co
arse fraction of the sediment 
are the result of differential siz
e diminution of nearby 
potential sources (carbonate producing org
anisms). 
2 
INTRODUCTION 
Statement of the Problem 
In recent years there has been renewed interest in the 
general characteristics of shallow water carbonate sedi
mentation 
and how these characteristics can be utilized in interp
reting the 
depositional history of ancient carbonate rocks (Ginsburg, 1956), 
Much of this interest has been encouraged by the petrole
um 
industry's search for limestone stratigraphic traps. A
lthough 
many depositional properties of limestone can be used i
n 
interpreting carbonate environments, the parameters whi
ch are 
most useful are the ones which describe origin, chemis
try, size 
distribution and arrangement of original particles (Ginsburg, 
1956). 
Carbonate beach sediments are produced by the differen
tial 
abrasion of the available particles in the beach swash 
zone and 
by the winnowing of fine suspended materials. In the F
lorida 
Keys, this process is taking place in the absence of si
gnificant 
longshore transport and the accompanying selective sort
ing. 
Comparison of the subtidal carbonate sands with the bea
ch sands 
can show fundamental differences in the two (Folk and Robles, 
1964), such as a greater percentage of fine material along with 
poorer sorting of the subtidal sediments. 
The major issues investigated in this study are therefore: 
1) Are the carbonate beach sands of the Florida Keys 
3 
distinguishable from the subtidal, 
nearshore carbonate sands by 
analysis of constituent compositio
n and/or size? 2) Is the 
variability between beaches greater
 than the variability within 
each beach, and if so, bow variable
 are the nearby potential 
sources of the carbonate particles 
for each beach? 3) Are there 
recognizable and significant differ
ences between the potential 
sand-sized sediment sources for the
 two different beach areas 
studied? 
Minor issues investigated are: 1) Can the 
characteristics 
of a given beach sediment be produc
ed from ~he characteristics of 
the nearby potential source areas b
y a combination of simple 
winnowing of fines and differential
 size diminution 
(abrasion/breakage) of the constituent part
icle types, and if 
not, what other processes need to b
e invoked?; and 2) For the 
relatively few major particle types involved 
(i.e. Halimeda, 
coral, coralline algae, molluscs an
d foraminifera), can the 
relative order of abrasion resistan
ce in the beach environment be 
determined, and is this the order f
or all of the beaches studied? 
Setting 
The Holocene south Florida carbonat
e shelf is one of only a 
few areas in the world where domin
antly carbonate deposition is 
taking place, and is the only such 
area in the continental United 
States. This shallow shelf, exclud
ing Florida Bay and other 
4 
areas west of the Keys, is approximat
ely 360 km (225 mi) long, up 
to 32 km (20 mi) wide south and east of -the Flo
rida Keys, and is 
generally less than 12 m (40 ft) deep, It is b
ounded by the 
deeper straits of Florida on the east 
and south, and by the 
Florida Key islands on the north and w
est (Figure l; Enos and 
Perkins, 1977). Holocene carbonate sediments, 
which are 
presently accumulating at an appreciab
le rate from the shelfbreak 
to the Florida Keys, are underlain by 
Pleistocene limestone 
bedrock which accasionally rises above
 present day sea level. 
The emergent bedrock forms a crescentr
ic chain of small, 
low-lying islands that comprise the Fl
orida Keys (Multer, 1971), 
The discontinuous island barrier that 
is formed by the 
Pleistocene Key Largo Reef is approxim
ately 224 km (140 mi) long 
from Miami to Key West. This bedrock 
trends south to southwest 
and separates the present day reef tra
ct, which extends from the 
Keys to the outer reef, from Florida B
ay (Figure l; Ginsburg, 
1972). The Plesitocene Reef is composed of two
 formations: the 
Key Largo Limestone, which underlies t
he Upper Keys from Soldier 
Key on the north, southwest to Summer
land (Spanish Harbor) Key 
(see shaded area of Figure 1); and the Pleistoc
ene Oolitic Facies 
of the Miami Limestone, which underlie
s the Lower Keys from Big 
Pine Key on the east, westward to Key 
West (see unshaded area of 
Figure 1), The contact between these two form
ations is located 
on Big Pine Key, just southwest of Bahia Honda Ke
y. The Upper 
5 
Figure 1. Location map of south Florida carbonate shelf, 
the Florida Reef Tract. Study areas indicated. 
Modified from Hoffmeister and Multer, 1968. 
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Figure 1. 
Keys trend parallel to the Flori
da coast, but west of Bahia Hond
a 
the trend of the Keys is transve
rse to the coast (Vaughn, 1908). 
The Key Largo Limestone is 23 to
 56 m (75 to 185 ft) thick and 
underlies the Miami Limestone, w
hich is 8 m (27 ft) thick, at 
shallow depth in the Lower Keys 
(Stanley, 1966, cited in ~enham, 
1979; Hoffmeister and Multer, 19
68). 
The Florida Keys and the Florida
 Reef Tract, a 
semi-protected pseudo-lagoon (Ginsburg, 
1956), are located at 
approximately 25° 30' to 24° 28' 
latitude and 80° 10
1 to 81° 48 1 
longitude (Friedman and Sanders, 1978). 
Topographically, the 
reef can be subdivided into the 
inner shelf margin, sometimes 
referred to as Hawk Channel, and
 the outer shelf margin (Enos and 
Perkins, 1977). The inner shelf margin
, which lies adjacent to 
the Florida Keys, is characterize
d by semi-restricted water 
circulation, moderately turbid w
ater, variable salinity and 
temperature, thick grass cover, 
and muddy and poorly sorted 
sediments. The main relief feat
ures found here are patch reefs,
 
tidal deltas, and small sediment
 banks (e.g. Rodriguez Key). 
The outer shelf margin, charact
erized by a bare, sandy 
bottom, extends seaward to the s
helf break. This zone is sharpl
y 
delineated from the inner shelf 
margin in many places by the 
inner edge of skeletal sand shoa
ls (e.g. White Bank) or by patch 
reef banks (Enos and Perkins, 1977). 
8. 
The south Florida shel
f is narrow and in clo
se proximity to 
the Gulf Stream, creat
ing water temperatures
 and movements that 
may be atypical of mo
st modern carbonate she
lves, There is a 
strong northerly curre
nt, with a surface vel
ocity of about 130 
cm/s (2.9 mi/h) (Hela, 1952
, cited in Enos and Per
kins, 1977), 
seaward to the shelf b
reak from Key Largo no
rthward, but on the 
inner shelf margin the
 currents are generall
y only 4.5 to 13.5 
cm/s (0.1 to 0.3 mi/h) (Vau
ghn, 1935, cited in Enos and
 Perkins, 
1977). 
The prevailing winds a
re southeast trade win
ds in the summer 
and the northeasterly 
winds in the winter. 
Northwest winds are 
not effective in wave 
generation due to the 
fact that their main 
component is offshore
, but these winds do in
tensify the ebb-tide 
currents running throu
gh the Keys via tidal 
channels. Within the 
reef tract itself, wa
ter circulation is bas
ically transverse to 
the Keys, and is due m
ainly to currents gene
rated by semi-diurnal 
tidal exchange (Enos and Pe
rkins, 1977). Ginsburg, et 
al. (1963) 
noted that there is li
ttle lateral transport
ation of sand-sized 
carbonate skeletal ma
terial from one area of
 the reef tract to 
another. Observations
 to support this concl
usion include: 1) 
absenc~ of through-goi
ng water movements tha
t can transport 
sediment over long dis
tances along the Flori
da Keys, 2) 
stabilization of botto
m sediments by organis
ms such as the sea 
grass Thalassia that r
estrict water movemen
ts along the reef 
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track, and 3) the fact that the relative softness of
 carbonate 
minerals does not allow traction transport 
of these sediments 
over long distances. 
Storm generated waves are effected by the s
ame regional and 
local topographic controls as day to day ti
dal and surf action, 
approaching the Keys almost perpendicular t
o the shelf break. 
Eight storms of hurricane intensity have be
en recorded in the 
Florida Keys area in the last 150 years. H
urricane Donna (1960) 
was one of the last to be recorded and has 
been extensively 
studied by Ball, Shinn and Stockman (1967). Large q
uantities of 
skeletal sa~d from the shoals landward of t
he reef were observed 
to be transported and redeposited during th
e hurricane, which 
passed directly over Long Key. Reef rubble
 and newly broken 
material were also transported shoreward du
ring the storm. The 
direction of sediment transport was observe
d to be the same 
during sto:i;m activity as during normal wave
 action, moving 
material from the Outer Reef Tract toward t
he Keys. 
Wave energy have been found to be at a maxi
mum at the shelf 
break with a very rapid decrease in energy 
behind the shelf-edge 
sand shoals (2 to 3 km from the shelf break). This 
decrease in 
energy is due to wind driven waves breaking
 over the outer living 
reefs with a subsequent dissipation of ener
gy in the Back Reef 
_area (Enos and Perkins, 1977). 
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Sand-sized carbonate sedime
nts are widely distributed 
over 
the inner shelf area of the
 Florida Reef Tract between
 the living 
reef belt and the Florida K
eys (Ginsburg, et al., 1963), and 
account for approximately O
to 5 m (Oto 15 ft) of Holocene 
sediment accumulation in th
e Florida Key nearshore env
ironment 
(Enos and Perkins, 1977). Althoug
h these carbonate sediments
 are 
accumulating at an apprecia
ble rate, sandy beaches are
 much less 
extensive than any other ty
pes of beach in the Florida
 Keys 
(Martens, 1931). Naturally occur
ring carbonate sand size 
sediment beaches are rare a
long the Atlantic Ocean sid
e of the 
Keys. The beaches at Long 
Key and Boca Chica Key were
 chosen for 
this study of southshore li
ttoral and nearshore enviro
nments 
because they are naturally 
formed, are composed oi coa
rser 
grained sediment, and they 
occur in the upper and lowe
r sections 
of the Keys, respectively 
(Figure 1). 
Carbonate sediments are dis
tinguished on the basis of 
the 
amount and composition of t
he organic constituents, th
e origin of 
the sediments and the size 
distribution of the sedimen
ts. These 
sediments, when produced in
 shallow water, show well-d
efined 
compositions of three forms
 of calcium carbonate. Ar
agonite 
predominates in carbonate s
ediment, and high-magnesian
 calcite 
dominates over low-magnesia
n (normal) calcite. Approximatel
y 70% 
(Stehli and Hower, 1961) to 90% (
Fowler, 1977) of the average 
shallow water carbonate sed
iment consists of the unsta
ble forms 
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of calcium carbonate. 
Reef and near-reef sed
iments on Bermuda, 
Campache Bank, are ch
iefly formed of high-m
agnesian calcite due 
primarily to large am
ounts of red algae. L
agoonal sediments, 
however, tend to cont
ain high amounts of g
reen algae and are 
chiefly formed of arag
onite (Chave, 1962, cited i
n Fowler, 1977). 
Chave determined that 
the variances in mine
ralogy are related to 
the differences in sk
eletal constituents. 
The primary constituen
ts of carbonate sands 
are the skeletal 
remains of molluscs, 
coralline algae, foram
inifera, corals and 
Halimeda, a green alga
e of the family Codiac
eae. Minor 
components of the sedi
ment include echinoid
 spines, tests and 
plates, crustacean fra
gments and claws, alc
yonarian spicules, 
worm tubes and bryozoa
ns (Hursky, 1977; Folk and 
Robles, 1964; 
Ginsburg, 1956; Enos a
nd Perkins, 1977; and 
others). The 
composition of any ca
rbonate beach sand is 
a function of sediment
 
size and partly a func
tion of the source of 
the sediment 
(Milliman, 1974), and is re
lated to the abundance
 of types of 
organisms which are fo
und in the.deposition
al area (Benham, 
1979). Recent carbonate se
diments, unlike terrig
enous elastic 
sediments, are usually
 formed in place with 
no significant 
transport (Milliman, 1974).
 Abrasion, therefore, is 
not 
dependent upon the dis
tance of transport, bu
t on the size and 
shape of the original 
particles and on the r
elative resistance 
that each constituent 
has to breakage and ab
rasion. Coarser 
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carbonate beach sands (greater t
han a few millimeters) usually 
contain a greater percenta
ge of coral, mollusc shel
ls or debris, 
while finer sands are rich
 in foraminifera and Halim
eda 
(Milliman, 1974). 
Textural parameters (mean grain 
size, sorting, rounding an
d 
percentage of fines) are used by
 many carbonate researcher
s to 
delineate subenvironments 
of local carbonate deposit
ion (Folk and 
Robles, 1964; Ginsburg, 19
56; Swinchatt, 1965; and o
thers). 
Minor variances in mean g
rain size and sorting have 
led 
investigators to divide li
ttoral and offshore areas 
into beach, 
offshore bar, rocky bottom
 and grass bed subenvironm
ents, each 
with its own distinct sand
 facies (Fowler, 1977). 
Major marine subdivisions of the s
outheastern 
Florida/Florida Reef Tract
 area are: 1) the Inner Shelf (
Florida 
Bay), with water depths of Oto 
3 m (0-10 ft), 2) the Inner Shel
f 
Margin (including Hawk Channel),
 3) the Outer Shelf Margin, whic
h 
collectively with the Inne
r Shelf Margin is called th
e Back Reef 
area, with water depths of
 Oto 12 m (0 to 40 ft), 4) the 
Outer 
Reef, awash to depths of 1
8 m (60 ft), and 5) the Fore Ree
f, with 
depths greater than 18 m (Moore,
 1957; Enos and Perkins, 1977; 
Ginsburg, 1956). This study enc
ompasses the inner half o
f the 
Inner Shelf Margin. 
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The two beach localities
 in this study, located
 on Long Key 
and Boca Chica Key, wer
e selected because they 
are naturally 
formed and are composed
 of sand-sized sediment
s. 
Long Key is located in 
the Upper Florida Keys, 
approximately 
99 km (62 mi) east of Key We
st and 37 km (23 mi) southwes
t of Key 
Largo (138 km southwest of M
iami, Figure 1). The Key tren
ds 
northeast to southwest,
 and is nearly 5 km (3 mi) lo
ng and 2.5 km 
(1~ mi) across at its widest 
point. The selected stu
dy area is a 
beach about 108 m (360 ft) lo
ng and 3 m (10 ft) wide on th
e 
Atlantic side of the Ke
ys. Although there is a
 Long Key State 
Park Beach available fo
r study, this beach sec
tion, roughly 3 km 
west of the park beach,
 was chosen due to its 
obvious coarser 
grain size. Waves brea
k on the beach parallel 
to the shoreline, 
but due to the close pro
ximity of Long Key Chan
nel to the study 
area there is a slight 
(approximately 4.5 cm/s) sout
hwest to 
northeast longshore cur
rent and countercurrent 
(no visible 
displacement of coarser
 grained sediments was n
oted). The 
subtidal environments a
re essentially sand patc
h areas and grass 
protected areas, with o
ccasional patches of san
d in the grass 
zones or grass patches 
within the sand zones. 
Boca Chica Key, the sec
ond study area, is loca
ted about 3 km 
(2 mi) east of Key West and 5
1 km (32 mi) southwest of Ba
hia 
Honda Key, placing it n
ear the southwest margi
n of the Lower 
Keys. Boca Chica Key i
s about 4 km (2~ mi) long and
 almost 4.5 
14 
km (2-3/4 mi) wide. The shoreline, like Long Key trends 
northeast to southwest. The beach section studied is 65 m (216 
ft) long and about 7 m (23 ft) wide along the south shore of the 
Key. Although wave energy is very low at this beach, small waves 
do break parallel to the shore. No longshore current was 
observed within the study area. The subtidal zone is very 
shallow, especially nearshore, where many areas are stranded 
above sea level during periods of low tide. Instead of distinct 
subtidal sand and grass belts, interwoven grass and sand patterns 
were noted offshore of the Boca Chica beach section. 
Previous Work 
Early carbonate research, accomplished by such prominent 
scientists as Agassiz, Drew and Black (cited in Beales, 1966), 
highlighted modern carbonate deposits of the Bahama Banks. In 
the early 1900 1s, Martens, Gorsline, Sanford, Vaughn (cited in 
Ginsburg, 1956) and other geologists described both the Florida 
Reef Tract and the limestone rock units that make up the Florida 
Keys. In 1935, Thorp examined the shallow water marine organisms 
and deposits of Florida and the Bahamas. He obtained and studied 
samples.that Vaughn and his associates collected between 1908 and 
1915, several of which were taken in and around the Florida Reef 
Tract. Thorp determined the average abundance of the 
constituents, obtained from 50 samples from the reef tract, to 
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consist of the following: 25% coralline algae, 17.5% mollusc 
fragments, 9% foraminifera, 9% madreporian coral debris, and 22% 
silts and clays. The rest of the sediment consisted of small 
amounts of Alcyonarian spicules, curstacean fragments, worm 
tubes, Bryozoa, oolites and pellets. It was not until the 1950
1 s 
and 1960 1 s, however, that the statistical analysis of grain size 
and constituent percentages was utilized in delineating carbonate 
marine environments and comparing this data with ancient 
limestones. Illing (1954) focused his study of the Ragged Island 
Area, Great Bahama Bank, on the nature and origin of the 
carbonate sands that constitute the sediment there. He showed 
that these sands are composed primarily of non-skeletal carbonate 
grains, with no dominant grain type, probably produced from the 
breakdown of the underlying limestones. He also showed, for the 
first time, a distinct difference in the composition of sediments 
in different environments. Illing concluded that animals and 
plants both directly and indirectly exert the most important 
controls on limestone sedimentation in this area today. Ginsburg 
(1956) showed that variations in the grain size distribution and 
constituent particle analysis are reflective of the physical 
environment. He distinguished subenvironments within the Florida 
Reef Tract by petrographic examination of the skeletal components 
as: the back reef area, adjacent to the Keys, with the 
calcareous green algae Halimeda being the major sediment 
16 
contributor; the 
outer reef area, 
seaward of the ba
ck reef area 
and extending to 
the living outer 
reef, with mostly
 coral debris; 
the fore reef zon
e, extending seaw
ard from the oute
r reef, with a 
dominance of cora
lline algae and f
oraminifera. Gin
sburg found 
that the bulk of 
the reef tract se
diments greater t
han 1/8 mm 
(3¢) in diameter accu
mulated in the sa
me environment i
n which it 
was produced, and
 therefore that r
eefs in this are
a are probably 
not the major source o
f sand size sedim
ent for adjacent regio
ns. 
He concluded that
 within the reef 
tract changes in
 the environ-
ment are small an
d gradual and the
refore the sedim
ents are less 
distinctive. The
ir differentiatio
n within the ree
f tract requires 
recognition of g
radual changes in
 the relative abu
ndances of the 
major constituents. S
winchatt (1965) also 
used Ginsburg's 
classification of
 back reef, oute
r reef and fore r
eef to 
subdivide the Flo
rida Reef Tract. 
Swinchatt examine
d variations 
in the constituen
t composition of 
back reef samples
 and found a 
major change in sedim
ent composition m
id-way between th
e Keys and 
the outer living 
reef, with an inc
rease of coral an
d a decrease 
of mollusc fragm
ents seaward. Th
e greatest varian
ce in textural 
parameters (mean grai
n size, sorting, 
rounding and perc
ent fines) 
in the back reef 
area existed betw
een non-grass pro
tected and 
grass protected a
reas, where sedim
ent tended to be 
finer in grass 
protected samples
 due to the baffl
ing effect of gr
asses. 
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In 1964, Folk and Rob
les produced the most
 complete work of 
its time applying tex
tural parameters to c
arbonate sediments. 
This study, in which 
detailed analysis of 
both grain size and 
constituent particle
 composition were use
d to characterize and
 
compare beach sands w
ith subtidal sands of
 Isla Perez, Alacran 
Reef Complex, Yucata
n, showed that six di
screte sediment 
populations existed i
n the beach sediment
s around the island. 
Each population was 
distinct in skeletal 
origin, grain shape, 
grain size and positi
on on the island. P
ure sediment populati
ons 
tended to have simila
r good sorting values
, about cr1 0.3
00-units 
to .0.600-units. The 
beach sands of Isla P
erez consisted of 
approximately 60% Hal
imeda algae, 25% cora
l debris and 15% 
foraminifera and othe
r constituents. Sub
tidal sediments, 
especially those sam
ples taken from marin
e grass areas, were m
uch 
more poorly sorted an
d had a much higher p
ercentage of materia
l 
finer than 30. Folk 
and Robles determined
 that the constituent
s 
break down into certa
in phi ranges due to 
the structure of each
 
constituent (Sorby Princi
ple). Several conclusions
 drawn from 
this paper that are r
eflective of most ca
rbonate sediment 
deposits are as follo
ws: 
1) The coarseness of the 
shoreline beach sedim
ents closely 
reflects the strength
 of the waves breakin
g onshore. In 
carbonate areas such 
as the west coast of
 Isla Perez, where 
the beach fronts a br
oad expanse of shallo
w water with reefs 
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relatively far o
ffshore, the fin
est and best sor
ted 
sediments occur 
where the waves 
are the gentlest
. 
2) The process of s
urf action tends
 to produce sim
ilar 
sorting values (a1
=0.3~-units to 0
.60-units) whether t
he 
beach is calcare
ous or siliceou
s, regardless of
 the shape or 
original size of
 the constituen
ts. 
3) The relation bet
ween mean size a
nd sorting is de
termined 
by the inherent 
grain sizes of t
he sediment par
ticles 
available for de
position, and by
 the sorting po
tential of 
the environment.
 Carbonate par
ticles break dow
n into 
certain phi size
s as determined 
by the internal 
structure of 
the constituent 
and the source, 
but the environm
ent of 
deposition and t
he energy assoc
iated with this 
environment 
serves to modify
 these particles
 after depositio
n. 
Abrasion studies
 and comparisons
 between siliceo
us and 
calcareous sedim
ents reached the
ir peak during th
e 1960's. Ham 
(1962) described two
 significant dif
ferences between
 calcareous 
and siliceous pa
rticles: 1) carbona
te sediments are
 of local 
intrabasinal ori
gin, whereas sil
iceous sediments
 are generally 
transported rela
tively long dist
ances from their
 source and 2) 
most carbonate s
ediments are dep
endent upon, and
 reflect some 
type of organic 
activity, wherea
s siliceous sedi
ments generally 
are not. Accor
ding to Chave (1960
), the most importan
t 
19 
difference betwee
n the physical pr
operties of carbo
nate and 
' 
non-carbonate gra
ins in sedimentat
ion is probably d
urability. 
Carbonate grains 
have shown in bot
h field and labor
atory studies 
to have less resi
stance than non-c
arbonate grains t
o physical, 
chemical and biol
ogical destructio
n (Chave, 1964; Drisc
oll, 1967; 
Force, 1969). Calcar
eous skeletal par
ts are damaged by
 physical 
processes, mostly
 particle-against
-particle abrasio
n. Physical 
durability depend
s primarily on th
e structure of th
e constituent. 
Chemical solution
 of carbonate gra
ins occurs during
 both 
deposition and po
st-deposition. B
iological destruc
tion of 
carbonate skeleta
l materials occur
s mainly in depos
itional 
environments by o
rganisms which gn
aw on and bore an
d burrow into 
the skeletons. T
he abrasion rates
 of carbonate con
stituents vary 
from one organism
 to another depen
ding upon their r
esistance to 
abrasion. The ma
ny textural attrib
utes of skeletal 
particles, 
therefore, are as
 much a product o
f the type of org
anisms that 
exist in a deposi
tional environmen
t as they are a p
roduct of 
their physical en
vironment (Chave, 196
0, cited in Fowle
r, 1977). 
Ginsburg and his 
colleagues (1963) gro
uped carbonate or
ganisms 
according to skel
etal form and dete
rmined their rela
tive 
resistance to brea
kdown from most e
asily broken to th
e most 
difficult to brea
k as follows: sh
eaths and spicule
s, segments, 
branches, chamber
s, and crusts. 
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During the 
1970's, many
 significant
 works on t
he sediment
s 
of the Flor
ida Reef Tra
ct were publ
ished. The
 following c
omprise 
a few of th
e important 
studies. M
ulter (1971) di
vided the so
uth 
Florida she
lf into diff
erent suben
vironments a
ccording to 
the 
characteris
tics of the 
bottom sedim
ents. These
 subenvironm
ents 
are of ten fo
und as elon
gate northea
st-southwes
t belts whic
h 
parallel the
 trend of bo
th the Keys 
and the out
er reef. K
otila 
and Harris 
(1975) studied
 the constit
uent partic
les and 
distribution
 of sedimen
t on Long Ke
y. Carbona
te sediment 
distribution
 related clo
sely to the 
bedrock top
ography of t
he 
Key, and th
ick sedimen
t accumulati
ons coincide
d with bedro
ck 
lows, repre
senting fill
ing in of s
ink holes i
n the karst
 
topography. 
The constitu
ent particle
 analysis sh
owed a westw
ard 
increase of 
Halimeda and
 decrease of
 coral and r
ed algae alo
ng 
the Key. T
his trend re
flected to s
ome degree 
a westward d
ecrease 
in energy co
nditions and
 a westward 
increase in 
the degree o
f 
protection a
fforded by T
ennessee Re
ef, located 
5 to 6 km (3 t
o 4 
mi) southeast 
of Long Key
. 
In 1977, Eno
s and Perkin
s investigat
ed the Holo
cene sedimen
t 
accumulation
s on the Flo
rida shelf. 
The authors 
distinguishe
d 
depositiona
l environmen
ts on the ba
sis of textu
re, grain 
composition 
and sedimen
tary structu
res. Natur
al subdivisi
ons of 
the reef tra
ct area we
re detemine
d to be: a 
restricted i
nner 
shelf (Florida
 Bay), a sligh
tly restrict
ed inner sh
elf margin, 
an 
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outer shelf margin whic
h includes the living re
ef where 
circulation and agitatio
n are maximum, and the 
shallow slope that 
is seaward of the shelfb
reak. Major controls on habit
at 
communities found within
 these different areas w
ere: 1) 
substrate, the primary 
control, 2) bottom morphology
, and 3) 
restriction of circulat
ion. The organisms in 
these areas, in 
turn, were responsible 
for the production of a
lmost all of the 
sediments in the substr
ates. The authors conc
luded that the 
primary controls on sed
iment distribution patt
erns in the reef 
tract, in order of impo
rtance, are skeletal pro
ductivity, 
mechanical redistributio
n, pre-existing rock to
pography, and 
contemporary topography
. 
Hursky (1977) demonstrated by
 means of constituent p
article 
and textural analyses, 
that variations exist b
etween the beach 
and nearshore carbonate
 sediments of the north
east and southwest 
ends of Lower Matecumbe 
Key. Overall, the nort
heast samples 
generally had a mean gra
in size between 1 to 0¢ 
and were poorly 
sorted. Bar graph data
 supplied by Hursky show
ed that Halimeda 
and red algae particles 
were concentrated in th
e Oto 1¢ size 
range, or coarse sedime
nt fraction, and that s
maller foraminifera 
were being deposited in
 this environment. Sou
thwest area 
sediment showed a mean g
rain size of 3 to 20 and were
 moderately 
to moderately well sorte
d. Bar graph data for 
these samples 
showed that Halimeda and
 red algae were concen
trated in the 1 to 
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0~ size range, or fin
er sediment fraction.
 Smaller forams had
 
apparently been winno
wed out of this area
 leaving behind the 
larger foraminifera. 
Hursky offered two th
eories that best 
explain this data: 
1) Two different energy e
nvironments exist on
 Lower Matecumbe 
Key. The northeast a
rea has an energy le
vel that is lower th
an 
the level in the sout
hwest region, which 
would account for the
 
concentration of coa
rser grained sediment
 in the northeast are
a. 
Alongshore current 
could not exist in th
e study area for this
 
theory to be true. 
2) The energy conditions
 of the environments 
are similar. In 
this case, the preva
iling wind direction 
of the Keys, from the
 
east and southwest (Turme
l and Swanson, 1969, cited
 in Hursky, 
1977), aids in orienting w
aves which strike Lo
wer Matecumbe Key 
at an oblique angle. 
The oblique waves co
uld thereby strike th
e 
shoreline in such a 
fashion as to produce
 alongshore current 
which would move from
 northeast to southw
est along the Key. T
his 
longshore current co
uld winnow finer mat
erial from the northe
ast 
area, leaving coarse
r material behind and
 depositing the finer
 
sediment in the south
west region. 
Fowler (1977) also utilize
d constituents parti
cle analysis 
to determine local va
riations in carbonate
 depositional 
environments of the 
Keys. The littoral 
and offshore zones of
 
Bahia Honda Key were 
investigated and foun
d to be divided into 
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four subenvironments: the beach, offshore bars, rocky bottom 
areas, and grass beds. Each of the subenvironments was 
characterized by its position around the island, the amount of 
sediment, and the types and amounts of host organisms. Minor 
variances occurred between the different environments. Fowler 
concluded that these variances were due more to the differing 
resistances to abrasion of the constituents than to the types and 
amounts of the organisms found within the subenvironments. 
Another study of sediment distribution at Bahia Honda Key 
was undertaken by Benham (1979), Constituent composition was 
related to the abundances of organisms in depositional areas in 
this paper, with results similar to Fowler (1977). The main 
objective of Benham's study, however, was to determine the 
importance and extent of calcareous green algae contributions to 
the sediment, The distribution of the calcareous green algae 
around Bahia Honda was determined by water depth, substrate, 
water circulation and association with Thalassia and other 
plants. Calcareous algae was observed and collected and calcium 
carbonate production was determined from the mass of living 
plants in sample quadrants. 
General trends in the above studies relating to 
sedimentation in the subenvironments of the Florida Reef Tract 
are as follows: 
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1) an increase of fine material from the reef landward to the 
Keys, with a decrease of fines on the carbonate beaches 
themselves. 
2) an increase in sorting landward from the reef tract to the 
beaches. 
3) a change in sediment composition from a predominantly coral 
fragment, coarse grained material in the outer reef tract to a 
finer grain, Halimeda concentrated sediment in the J.nner reef 
tract. 
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METHODS 
Field Methods 
During July, 1980 sediment samp
les were collected at two 
natural beach localities, Long 
Key and Boca Chica Key, along th
e 
southern shore of the Florida K
eys.· Preliminary observations o
f 
physical parameters in the beach
 and subtidal sections yielded a
 
tentative differentiation of su
benvironments based upon organis
m 
communities and type of bottom s
ubstrate (beach, subtidal sand, 
and subtidal grass beds). A "stratified
-random sampling" system • 
of sample collection was employ
ed (table of random digits, 
Snedecor and Cochran, 1967). Stratifie
d random grab samples were 
taken along transects running n
ormal to the shoreline at each 
beach. All four traverses began
 at the most landward point of 
the beachface (base point) and extended
 seaward approximately 455 
m (1500 ft) Throughout the length of t
he transects, 
approximately every fifth sampl
e had additional samples taken 
around it to account for areas o
f minimal sediment accumulation 
and for sediment variability. A
t the beach locations nearest th
e 
shoreline (designated as the point of h
ighest wave action) 
additional grab samples were tak
en in a vertical section. 
Vertical samples were also coll
ected during January, 1981 at 
the beach traverses at Boca Chi
ca. Location of the original 
traverses was pinpointed by land
mark bearings taken the previou
s 
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July, and by pacing 
the distances between
 the transects, as ha
d 
been done in July. V
ertical grab samples w
ere again taken at 
each transect at the
 beach location neare
st the shoreline. 
The Long Key beach se
ction, approximately
 99 km (62 mi) east 
of Key West, was divi
ded into thirds by tw
o transects (Figure 2). 
Transect #1, about 35
 m (117 ft) west of the b
eginning of the 
beach section, consi
sted of 28 samples, 1
3 in the beach zone a
nd 
15 in the subtidal zo
ne. Transect #2, 35 
m (122 ft) west of the 
first traverse, had 
13 beach samples and 
14 subtidal samples f
or 
a total of 27. 
Boca Chica beach, app
roximately 14.5 km (9 mi) 
east of Key 
West, was dissected 
into three sections 
by two traverses (Figure 
3). Twenty-nine samples,
 12 beach and 17 sub
tidal, were 
collected along tran
sect #1, which is 22 
m (72 ft) west of the 
beginning of the beac
h section. Transect 
#2, 19 m (63 ft) west 
of the first transec
t, consisted of 32 sa
mples, 14 in the beac
h 
zone and 18 in the su
btidal zone. 
Laboratory Analysis 
In preparation for t
he constituent comp
osition.and textural 
analyses of the carb
onate sands collected
 at the two beach 
locales, all samples
 were first processe
d for sieving. The 
sediment samples were
 soaked and washed in
 demineralized tap 
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ap of Long Key beach
 with transects and 
sample locations ind
icated. 
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Detail map of Boca Chica beach with transects and 
sample locations indicated. 
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water. Excess water a
nd organic debris was th
en decanted off and 
the procedure was repea
ted. Sand-sized materia
l was separated 
from finer material by w
et sieving the samples t
hrough a 4 phi 
screen; samples were th
en dried in an oven for
 several days with 
low heat, approximately
 75°F. Pipette analysis
 was not performed 
due to the nature of th
e study. Representative
 40 gm to 50 gm 
samples were obtained u
sing a standard sedimen
t splitter; sample 
splits which had passed
 through the -2.250 scre
en were then dry 
sieved, at full one phi
 intervals beginning wi
th -1.750, on a 
standard Pulverit shake
r for fifteen minutes. 
Minimal organic 
debris was easily separ
ated from samples at th
is point with 
tweezers. Sediment rem
aining on each screen w
as weighed to the 
nearest 0.01 gram and re
corded. Grains on the 
1 phi and O phi 
sieves were labeled and 
retained for microscopic
 investigation. 
Textural Analysis 
Five to eight samples f
rom each transect were 
selected for 
textural and constituen
t particle analyses. Sa
mple selection was 
based upon sieve result
s and cursory examinatio
n of constituent 
particles. Representat
ive samples from each tr
ansect were 
analyzed in each subenv
ironment. The measured 
weight fraction of 
each sieve size was use
d as input data for a co
mputer program 
which then calculated t
he percentage of sand an
d silt, mean grain 
size, sorting, skewness
, kurtosis, and Folk and
 Ward Parameters 
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(after Folk and Ward, 1957). The program u
sed in this study was 
modified by Dr. Bobb Carson and Dr.
 James M. Parks from Lehigh 
University to fit the particular n
eeds of the study. 
Multivariate analysis was performe
d on the data obtained by 
both the preceeding and following a
nalyses in order to determine 
similarities and differences betwee
n the samples. Correlations 
were obtained on the Long Key and B
oca Chica Key beach sections 
using the BMD04M correlation progra
m from the Health Sciences 
Computing Facilities, UCLS. Corre
lations were determined between 
different phi sizes, between differ
ent beaches, and between 
different subenvironments (position on trav
erse). 
Constituent Particle Analysis 
Identification of the constituents 
in particles of the O phi 
(1 mm) and 1 phi (0.5 mm) size fractions wa
s accomplished by 
point counting of loose sand-sized 
sediment with a low power 
binocular microscope under reflecte
d light. These phi sizes were 
chosen as particles finer than 1 p
hi were too difficult to 
correctly identify and size fractio
ns coarser than O phi usually 
had far too few grains for point co
unting. Fowler (1977) noted 
that identification of particles sm
aller than 1 phi (0.5 mm) 
often increased the unknowns to gre
ater than 30% per sample. 
Three hundred particles were counte
d in each size fraction. 
A three hundred point count has bee
n determined to give 
31 
sufficiently accurate results in t
he identification of carbonate 
material (Ginsburg, 1956), Upon identificati
on, the particles 
were counted into one of the six m
ajor groups: 1) coral; 2) 
molluscs, including both gastropods
 and bivalves; 3) 
foraminifera, invertebrates belongi
ng to the protozoan class 
Sarcodina; 4) coralline algae, comprised c
hiefly of red algae and 
green algae; 5) Halimeda, a green algae wh
ich is a major 
contributor to Florida Key sands; a
nd 6) a miscellaneous 
category, which includes small amo
unts of arthropod fragments, 
echinoid spines and plates, bryozoa
ns, worm tubes, and any 
unidentified particles. A final, c
ursory examination of the 
major constituents from the two beaches was d
one to determine the 
relative amount of rounding (abrasion/break
age) of particles 
along the transects. 
Identification of the carbonate pa
rticles was done according 
to both Millimans' (1974, Appendix II) and Th
orps' (1935) keys to 
identification of carbonate compon
ents under reflected light. 
Both authors key out these particl
es on the basis of size and 
shape of the component fragments, 
and on the size and shape of 
the external pores and related inte
rnal structures of 
constituents such as Halimeda, cor
alline algae and coral. Benham 
(1979) defines four important factors control
ling identification 
of carbonate grains: 1) sediment grain siz
e; the smaller a grain 
is and the finer the sediment, the 
harder it is to identify, 
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causing a corresponding increase in un
identified grains, 2) 
particle origin, 3) reworking of the particles 
by waves and 
currents, and 4) grain alteration. 
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RESULTS 
Environmental Characteristics 
Three subenvironments were differ
entiated on the basis of 
physical characteristics. The be
ach area is represented by the 
thickest sediment accumulation an
d by being virtually devoid of 
visible surface organisms. Few l
iving organisms were noted in 
either of the subtidal zones: th
e subtidal sand areas, with 
sediment thickness ranging from a
 t~in veneer to thick deposits 
with occasional grass patches in
termixed; and the grass bed areas
 
where sea grasses, especially Th
alassia, act as a baffle 
mechanism to trap and bind finer 
sediment. This zone includes 
both large and small sand patches
. 
Observations of the subtidal envi
ronments and organisms were 
made in shallow water (less than six fee
t in depth) by skin 
diving with mask and snorkel and 
in deeper water by scuba diving 
with scuba equipment. Close exam
ination of coarser grained 
particles in all three subenviron
ments revealed no observable 
displacement of surface grains at
 either beach locality. 
Long Key Beach 
Approximately 15 m (SO ft) offshore the b
ottom substrate 
changed at both traverses from sa
ndy to grass bed interspersed 
with sand patches (Figure 2). Water dep
ths corresponded with the 
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gently sloping shelf; wate
r depth was less than 1. 2 m
 ( 4 ft) for 
approximately 330 m (1100 ft) of
fshore with very gradual 
increases in depth noted t
hroughout both transects. 
Ample 
sediment was available at 
all sample locations. The
 greatest 
variance in sediment comp
osition was noted in the su
btidal grass 
zone, where grass protecte
d samples contained a high
er percentage 
of fine material than non
-grass protected samples. 
Carbonate producing organis
ms in the area were minim
al and 
consisted mainly of mollus
ks, crustaceans and a few e
chinoids in 
the sandy areas, and crust
aceans and epibionts (e.g. bryoz
oans 
and encrusting red algae) attach
ed to Thalassia blades wit
hin the 
.marine grass beds. A few
 echinoids were observed a
long the edges 
of the grass. The grass b
eds also contained greater 
amounts of 
living codiacean and coral
linacean algae, represente
d by Halimeda 
~ and Penicillus sp., an
d Neogoniolithon sp., resp
ectively. 
Noted in association with 
grass beds and other areas 
of thick 
sediment accumulation were
 numerous Callianassa sp. 
sediment 
mounds. Although these sh
rimp were never seen, thei
r conical 
shaped mounds, usually 10-
40 cm high and free of any 
plant life, 
were found throughout the 
subtidal study area. Noted
 was the 
general absence of living 
coral in this and the othe
r study 
areas. 
Proximal sources for coars
e grained sediment include
 the 
intrabasinal carbonate org
anisms themselves (skeletal rema
ins), 
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and small patch reefs in the area. The main distal source of 
sediment is the Florida Reef itself, particularly Tennessee Reef, 
which is southeast of the Key. In spite of the discontinuous 
nature of the reef, it influences the organisms and sedimentation 
in the regions westward of the reef (Ginsburg and Lowenstam, 
1958). The amount of sediment from the reef which crosses the 
Reef Tract and is deposited in the nearshore regions of the Keys 
during normal (non-storm) periods is presently undetermined. 
Waves breaking onshore at Long Key were of moderate height and 
broke parallel to the shoreline. During July, the wind direction 
was from the southeast. 
Boca Chica Beach 
The sand region adjacent to the beach extended seaward for 
approximately 33 to 45 m (110 to 150 ft) in the study area at 
which point grass beds interwoven with sand patches became the 
dominant bottom substrate (Fig. 3). Water depths were very 
shallow nearshore, less than or equal to 0.6 m (2 ft), until 
about 165 m (550 ft) from shore, and did not reach depths of 1 or 
2 m until approximately 330 m offshore. Depths of about 1~ to 2 
m were encountered near the end of the first transect. Much of 
the nearshore subtital sand region was partially exposed during 
low tide. Sediment deposits were abundant until approximately 
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165 to 225 m offshore where t
he bottom became very rocky w
ith a 
much thinner veneer of sedim
ent. 
Carbonate producing organisms
 in this area were scarce and
 
consisted mainly of the same 
type of organisms as found at 
Long 
Key beach. Due to thinner se
diment accumulations along pa
rts of 
these transects, Callianassa 
sediment mounds were much ~ar
er at 
this locale. Proximal sourc
es for coarse sediments includ
e 
carbonate organisms and smal
l, nearby patch reefs. The m
ain 
distal source for sediment he
re is the Florida Reef, Wave
s were 
small and broke parallel to s
hore. Wind direction was from
 the 
southeast. 
Beach 
Sieve Analysis 
Samples were split into seven
 phi size fractions ( -1.750, 
-10, 00, 10, 20, 30, 40). Fraction wei
ghts of each phi size were 
then converted to weight perc
ents for all sieved samples 
(Appendix I). 
Organic material removed from
 all split samples was noted 
to 
consist mostly of the marine 
grass Thalassia testudinum wi
th 
slight amounts of Syringodium
 filiforme. 
Note: All size classificatio
n based upon the 
Udden-Wentworth size grade sc
ale; sorting, skewness and ku
rtosis 
classifications after Folk, 1
968. 
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Long Key Beach 
Two transects were 
sampled at Long Key
, Average weight 
percentages per phi
 size fraction for 
beach samples are sh
own in 
Figure 4. 
Top samples of both 
vertical beach secti
ons had a mode of 20 
with approximately 
1% of the total sam
ple in the 00 size f
raction 
and 20% in the 10 size 
fraction (Figure 5), Sa
mples further down 
in the section show
ed a shift in the m
ode to 10 and an increas
e 
in the average weig
ht percentages to 8%
 and 47% (00 and 10 size
 
fractions, respecti
vely). Re-sampling at t
hese vertical secti
ons 
was not possible du
ring the winter, Jan
uary 1981. 
Boca Chica Beach 
Two transects were 
sampled at Boca Chi
ca. Average weight 
percents per phi fr
action are shown in
 Figure 4. 
Two vertical beach s
ections were sample
d at Boca Chica in 
both July 1980 and J
anuary 1981. In Ju
ly the major phi size of 
the uppermost sampl
es was 10 for transect #
1 and 20 for transect 
#2 (Figure 5). Average 
weight percents wer
e determined for the
 
00 and 10 size fractions
 to be 6% and 40%, r
espectively. Sampl
es 
further down in the
 section showed an i
ncrease in both 00 and 
10 
size fractions (8% and 4
9%, respectively) and a 
change in the 
38 
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major phi size to a consistent mode of 10. The t
op samples of 
the vertical sections collected during
 the winter showed a more 
constant major phi size of 10 and an increase in 
both the 00 
(10%) and 10 (68%) size fractions. Further dow
n in the January 
vertical sections the major phi size fraction rem
ained fairly 
constant at 10, with the bottom samples showin
g a mode of 10. 
Both 00 and 10 size fractions decreased in avera
ge weight percent 
(7% and 40%, respectively) in samples from the
 bottom of the 
section. 
Textural Analysis 
Textural parameters, mean phi grain s
ize, standard 
deviation, skewness and kurtosis, were
 determined for those 
samples selected for constituent part
icle analysis (Appendix II). 
The textural parameters are based on F
olk and Ward values and are 
defined as: mean phi grain size--the 
average phi grain size for 
a sieved sediment sample; standard de
viation (sorting)--the 
dispersion, or spread of a frequency d
istribution on either side 
of an average, or simply stated the d
egree of similarity for a 
characteristic; skewness--the measure
ment of asymmetry of a 
frequency distribution; kurtosis--the 
"degree of peakedness" of a 
frequency distribution (Blatt, Middleton and M
urray, 1972). 
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Long Key Beach 
Table lA shows the av
erage of the textural
 parameters 
determined for transec
t #1 and transect #2. 
Included in the 
table are averages of 
the parameters at both
 the top and the 
bottom of the vertical
 beach sections. Long
 Key samples 
consisted predominantl
y of a moderately wel
l sorted, medium sized
 
sand. The average mea
n phi grain size for 
surface samples along
 
the two transects was 
1.470 and 1.400 (transects
 #1 and #2, 
respectively). Top samples
 of the vertical sect
ions had appeared 
to be almost identical
 to the other beach su
rface samples (from 
sieving data and prelim
inary visual inspectio
n) and therefore 
were not analyzed by t
he computer program. 
Estimated values 
(designated** in Table IA) we
re determined for thes
e top samples 
from the other beach s
amples and are used o
nly for comparisons 
between the different 
transects. The mean 
phi throughout the 
vertical sections was
 fairly constant with
 an estimated overall 
average near the top 
of 1.430. Bottom sam
ples of the sections 
were generally coarse
r textured.· It should
 be noted that the 
average mean phi grai
n size of both transe
cts were statistically
 
indistinguishable. S
orting values were ess
entially constant in 
the surface beach sam
ples. Sorting in the 
vertical sections 
decreased downward fro
m moderately well sor
ted at the top to 
moderately sorted nea
r the bottom. 
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TABLE lA. Mean Textural Parameters of Beach Sediments 
Textural L O N G KEY 
Parameter 
* Average Vertical Sections 
Transect Transect Transect Transect 
#1 #2 #1 #2 
** ** 
Mean Grain 1.47 1.40 Top 1.43 Top 1.43 
Size med. med. 
'/J sand sand Bottom 1.04 Bottom 1.30 
** ** 
Sorting 0.56 0.53 Top 0.54 Top 0.54 
'/J m
od. mod. 
well well Bottom 0.79 Bottom 0.79 
** ** 
Skewness -0.17 0.10 Top -0.04 Top -0,04 
'/J neg. pos. Bottom 0.12 Bottom 0.15 
** ** 
Kurtosis 1.13 1. 34 Top 1.23 Top 1.23 
'/J lepta lepta Bottom 1.04 Bottom 1.06 
*Based on Folk and Ward values. 
**Estimated values from other surface samples. 
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Skewness values for surface sam
ples ranged from -0.170 
(negative skewness) to 0.100 (positive 
skewness). Samples in the 
vertical sections had an estima
ted overall average skewness of 
-0.040 (nearly symmetrical) at the top 
and became·positively 
skewed (containing less fines) near the
 bottom. Kurtosis values 
for all surface beach samples ra
nged from 1.130 - 1.340 
(leptokurtic). Values for the bottom s
amples of the vertical 
sections ranged from 1.040 to 1.0
60 (transect #1 and #2, 
respectively) and were all mesokurtic. 
Boca Chica Beach 
Boca Chica samples consisted pre
dominantly of a moderately 
well sorted, medium sized sand. 
The average mean phi grain size
 
for surface samples along the t
wo transects was 0.900 and 1.180 
(transects #1 and #2, respectively) (Ta
ble lB). The average mean 
phi size for vertical section #
1 was 0.440 at the top and 0.500 
near the bottom. The estimated
 overall average for the top of
 
vertical section #2 was 1.040. B
ottom samples of this section 
had an average mean size of 0.840
. The average mean phi grain 
size at both Boca Chica transec
ts were similar but the range 
between samples was greater than
 at Long Key. Average sorting 
values were 0.760 for transect #1
 and 0.580 for transect #2. 
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TABLE 18. Mean Textural Parameters of Beach Sediments 
Textural B O C A CH IC A KEY 
Parameter 
* Average Vertical Sections 
Transect Transect Transect Transect 
#1 #2 #1 #2 
** 
Mean Grain 0.90 1.18 Top 0.44 Top 1.04 
Size coarse med. 
0 sand sand Bottom a.so Bottom 0.84 
** 
Sorting 0.76 0.58 Top 1.09 Top 0.67 
¢ mod. mod. well Bottom 1.13 Bottom 0.76 
** 
Skewness -0.17 -0.22 Top -0.39 Top -0.19 
0 neg. neg. Bottom -0.40 Bottom 0.15 
** 
Kurtosis 1.63 1.44 Top 2.03 Top 1.53 
0 v. lepta lepta Bottom 1.54 Bottom 1.53 
*Based on Folk and Ward values. 
**Estimated values from other surface samples 
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Sorting in the first vertical section was poor throughout the 
section, ranging from 1. 090 at the top to 1.130 near the bottom. 
Sorting in the vertical section at transect #2 was quite similar 
to that in the Long Key vertical sections, with sorting 
decreasing downward from moderately well sorted at the top to 
moderately sorted near the bottom. 
Skewness values ranged from -0.390 to -0.050 (negative 
skewness), and averaged -0.170 for the first transect and -0.220 
for the second. Vertical section #1 had an average skewness 
value of -0.390 at the top and -0.400 near the bottom. Samples 
in the second vertical section had an estimated overall average 
skewness of -0.190 at the top and 0.150 (containing less fines) 
near the bottom. Kurtosis values for surface samples ranged from 
1.24 to 2.030 (leptokurtic to very leptokurtic). Samples 
throughout both vertical sections tended to be very leptokurtic. 
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Constituent Particle Analysis 
Particles within the sieved samples were identified into
 one 
of six major categories: coral pieces; molluscs and pieces of 
molluscs (gastropods and pelecypods, collectively); foraminifera; 
Halimeda; coralline algae (red algae and other types of green 
algae); and miscellaneous (mostly echinoid spines and plates with 
lesser amounts of crustacean pieces, bryozoans, and worm
 tubes) 
which includes any unidentified particles. Percentages 
of these 
constituent particles were calculated from the point cou
nts and 
then converted to weight percents (Appendix III). 
Particle sizes studied precluded identification of genus
 or 
species for any of the constituents except for the fora
minifera. 
These single celled animals secrete a sturdy calcareous 
test that 
is identifiable to genus and which upon death of the ani
mal is 
deposited with other skeletal remains. Observations ind
icated 
that 50% or more of the foram population in the study are
as 
consisted of Peneroplis proteus and Archaias angulatus (with 
highest percentages in phi sizes coarser than 20), wtth lesser 
amounts of Triloculina ~' Quinqueloculina ~ (increasing in 
percent in phi sizes finer than 00) and an occasional whole 
Soritus marginalis in the 20 fraction (the latter found only in 
beach samples). The pink foram Rosalina Rosea was noted whole in 
greatest number in the 20 size fraction, with fragments noted
 in 
the 30 and 40 size fractions. 
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Results of the cursory examination of major constituents for 
rounding indicated a variety of ways in which th
e constituents 
broke and abraded (Figure 6). Halimeda, which occurred as 
whole 
plates in sizes coarser than 00, broke into wing segm
ents and a 
center section. These segments formed the main 
Halimeda 
population in the 00 size fraction. The 10 fraction of Halimd
ea 
consisted mostly of these segments split through
 the middle 
longitudinally which exposed the inner pores qui
te well. In 
finer phi fractions these split segments of Hal
imeda became more 
and more rounded. Coralline algae branches, or 
sticks, appeared 
resistant to major breakage down to the 10 fraction, where few
er 
branches and more small segments were noted. Fr
actions finer 
than 10 contained rounded, smaller segments of these co
ralline 
branches. Coral pieces observed were already br
oken down (little 
living coral was observed in the study areas) and simply be
come 
more rounded when looking at smaller sized parti
cles. Mollusc 
fragments were recognized throughout the phi siz
e fractions by 
their curvature and lack of external pores and r
elated internal 
structures. Abrasion of the mollusc pieces prod
uced rounder 
particles in the smaller phi sizes. Few whole 
shells were noted 
in phi fractions other than 10, where several were obse
rved. 
Foraminifera tests appeared to be the most resis
tant to breakage. 
Spiraling forams (e.g. Peneroplis proteus and Archaias angu
latus) 
remained intact down to 20 where greater numbers
 of fragments 
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Description of Figure 6. 
Abrasion/breakage of major constituents 
A. Halimeda plate (left) and segments (right). 
B. Coralline algae branch (left) and segments (right). 
C. Coral piece freshly broken (left) and abraded (right). 
D. Molluscs (gastropod, top; bivalve, bottom), whole (left) 
and fragments (right). 
E. Various Forams; non-abraded (left) and abraded (right). 
All photos are 14X. 
49 
-A-
-B-
Figure 6 
50 
-C-
-0-
Fi gure 6 
51 
-E-
Figure 6 
52 
were noted. In the 20 fraction, forams suc
h as Triloculina ~' 
Quinqueloculina ~ and Rosalina Rosea becam
e the predominant 
whole foram population. Many of the
 spiraling forams had an 
external pitted appearance but almos
t all remained whole in the 
coarser phi fractions, Before becom
ing fragmented, the only sign 
of damage to some of the tests were 
chipped outer edges. The 
bulk of the sediment in the fine fra
ction (less than 10) appeared 
to be comminuted grains of the same m
aterial found in the coarse 
fraction. This coincides with Fowi
er's (1977) observations of 
the fine fraction in the sediment at
 Bahia Honda Key, where he 
found no major differences in the constituents 
of the fine and 
coarse fractions. 
Long Key Beach 
Figure 7 shows the average percent o
f each constituent type 
in the 00 and 10 size fractions (surface beac
h samples only) for 
transect #1 and transect #2. Halime
da and molluscs were the 
major constituents in both phi fractions. Bott
om samples in the 
vertical sections that were examined
 were observed to contain 
approximately the same percentages o
f constituents as the surface 
samples of that transect (Appendix III). 
Roundness (referring to the sharpness of the
 corners of a 
grain) of particles in the 00 and 10 fraction
s was determined by 
visual comparison of the particles w
ith standard images prepared 
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s of surface beach sa
mples. 
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by Powers, 1953 (in Blatt, et al., 1972). Mollusc pieces in
 the 
00 fraction tended to be angular to subangular in shape, wh
ile 
the other constituents were basically subangular
. Molluscs in 
the 10 fraction were mostly subangular, as were the spl
it 
Halimeda segments, while the other particles tend
ed to be 
subangular to subround. Grains coarser than 00 were noted 
to get 
slightly more angular with increasing size while
 grains finer 
than 10 became more rounded. Overall, grains in the 10
 size 
fraction were rounder than their counterparts in
 the 00 size 
fraction. 
Few grains examined exhibited signs of recent bre
akage. 
Mollusc fragments had rounded edges and corallin
e algae branches 
and segments tended to be rounded at the ends. 
Although many 
£crams had a pitted external appearance and some 
showed signs of 
abrasion (e.g. polished exterior), few £cram tests were brok
en. 
Fragile components of the sediment, such as worm
 tubes and 
echinoid spines, were also noted in the samples. 
Examination of 
samples in the vertical sections revealed that th
e grains further 
down in the sections were more angular than the 
surface samples, 
with fewer signs of abrasion (polishing and rounding of edg
es). 
The bottom samples contained larger segments of 
coralline algae, 
more small, whole mollusc shells, slightly more 
coral pieces 
(except in the 10 fraction), and fragile constituents such a
s 
worm tubes. 
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Boca Chica Beach 
Average percents o
f the constituents 
within the 00 and 10 
fractions are shown
 in Figure 7, Hali
meda and molluscs w
ere the 
major constituents in bo
th the 0¢ and 10 size
 fractions at both 
transects. Bottom
 samples in the ve
rtical sections tha
t were 
examined from both 
July, 1980 and Janu
ary, 1981 were obse
rved to 
contain approximate
ly the same percent
ages of constituen
ts as the 
surface samples, 
Particles in the B
oca Chica samples w
ere generally round
er 
and more abraded (polish
ed) than grains at the 
Long Key 
transects, Mollusc
 pieces in the 00 fracti
on tended to be mo
stly 
subangular with som
e angular fragments
. Other constituen
ts were 
mostly subangular t
o subround, Mollus
cs in the 10 fraction 
were 
mostly subangular w
ith some subround g
rains, as were the 
split 
Halimeda segments. 
The majority of the othe
r particles were 
subround with some 
subangular and some
 round grains. Gra
ins in 
the 10 fraction were 
generally rounder t
han their counterp
arts in 
t4e 00 fraction. Few g
rains examined show
ed signs of recent 
breakage. Particle
s had the same appe
arance as grains at
 Long 
Key beach but were 
generally more poli
shed (abraded) than at 
Long 
Key. Examination o
f samples in the ve
rtical sections, fro
m July, 
1980 and January, 1
981, showed the sam
e trends found at L
ong Key 
beach. Grains furt
her down in the sec
tions were more ang
ular 
with fewer signs o
f abrasion, althoug
h Boca Chica grains
 still 
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tended to be more polished. Bottom s
amples contained more 
coralline segments, more whole shell
s, more coral pieces (in the 
00 fraction) and fragile miscellaneous consti
tuents. 
Subtidal 
Sieve Analysis 
Subtidal samples were split into sev
en phi size fractions. 
Appendix I contains converted weight
 percents for each phi size 
in all sieved samples. After initia
l examination of the subtidal 
constituents it was determined to se
parate samples taken from the 
large sand patch areas from ones tak
en within grass beds. 
Although the percentages of silts an
d clays were not determined 
due to the nature of the study, gras
s protected samples were 
noted to contain higher percentages 
of fine material than 
non-grass protected samples. 
Long Key Beach 
Average weight percents per phi siz
e fraction for subtidal 
samples are shown in Figure 8. Phi 
fraction percents of the 
grass bed samples fluctuated more th
an those from samples taken 
in the sandy patches. 
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Boca Chica Beach 
'Average weight percen
ts per phi fraction are
 shown in Figure 
8. Percents of grass 
bed samples exhibited 
the greatest 
variance. 
Textural Analysis 
Textural parameters we
re determined for subti
dal samples 
selected for constitue
nt particle analysis. 
Appendix II contains 
mean phi grain size, s
orting, skewness and k
urtosis values for 
those samples. 
Long Key Beach 
Table 2A shows the ave
rages of the textural p
arameters 
determined for transec
t #1 and transect #2. 
Sand patch samples 
consisted predominantl
y of a moderately well 
to moderately sorted 
medium sized sand. Th
e average mean phi gra
in size for samples 
along the two transect
s was 1.320 and 0.930 (trans
ects #1 and #2, 
respectively). It should b
e noted that the averag
e mean phi size 
of both transects were
 statistically alike. 
Sorting values 
averaged 0.770 for tra
nsect #1 and 1.020 for 
transect #2. 
Skewness values ranged
 from -0.140 to 0.040, 
and averaged 
-0.050 and -0.080 (transect
 #1 and #2, respectively). 
Kurtosis 
values for the samples
 ranged from 1.050 to 1
.110 (mesokurtic) 
and averaged 1.080 and
 1.060 (transects #1 and #2,
 respectively). 
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TABLE 2A. Mean Textural Parameters of Su
btidal Sediments 
Textural 
L O N G KEY 
Parameter 
* 
Sand Grass 
Transect Transect Transect 
Transect 
#1 #2 #1 
#2 
Mean Grain 1.32 0.93 
1.21 0.47 
Size ined. coarse 
med. coarse 
~ sand· sand sa
nd sand 
Sorting 0.77 1. 02 
1.04 1.31 
~ mod. poor po
or poor 
Skewness -0.05 -0.08 
-0.13 -0.07 
~ n
early nearly neg. 
nearly 
symm. symm. 
synun. 
Kurtosis 1.08 1.06 
1.10 0.98 
~ meso meso m
eso meso 
*Based on Fold and Ward values. 
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Grass bed samples consi
sted predominantly of a 
poorly sorted 
coarse sized sand. The 
average mean phi size w
as 1.210 for 
transect #1 and 0.470 fo
r transect #2. Sorting
 values for grass 
bed samples averaged 1.0
40 for the first transe
ct and 1.360 for 
the second (all samples showe
d poor sorting). 
Skewness values ranged 
from -0.290 to 0.150, an
d averaged 
-0.130 and -0.070 (transects 
#1 and #2, respectively). Ku
rtosis 
values ranged from 0.920
 to 1,100 (mesokurtic) and av
eraged 1.100 
and 0.980 (transects #1 and #
2, respectively). 
Boca Chica Beach 
Sand patch samples cons
isted predominantly of a
 moderately 
well sorted, medium size
d sand. The average me
an phi grain size 
for samples along the tw
o transects was 1.590 an
d 2.030 
(transects #1 and #2, respect
ively) (Table 2B). The avera
ge mean 
phi size of both transe
cts were statistically a
like. Average 
sorting values were 0.75
0 for transect #1 and 0.
540 for transect 
/12. 
Skewness values ranged 
from 0.140 to 0.240, and
 averaged 
0.240 and 0.140 (transects #1
 and /12, respectively). Kur
tosis 
values for the samples 
ranged from 0.900 to 1.1
40 (mesokurtic to 
leptokurtic), and averaged 1.
140 and 0.900 (transects /11 a
nd /12, 
respectively). 
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TABLE 2B. Mean T
extural Parameter
s of Subtidal Sed
iments 
Textural 
BOC A CHIC
A KEY 
Parameter 
* 
Sand 
Grass 
Transect Tran
sect Transec
t Transect 
#1 #2 
Ill #2 
Mean Grain 1.5
9 2.03 
1. 21 1.63 
Size med. 
fine me
d. med. 
¢ sand 
sand san
d sand 
Sorting 0.75
 0.54 
1.08 0.83 
0 mod. 
mod. mod
. 
well 
poor 
Skewness 0.24
 0.14 
0.08 -0.18 
0 pos. 
pos. 
nearly neg. 
s 
Kurtosis 1.14
 0.90 
1.28 2.18 
0 lepto 
meso 
lepto v. lep
to 
*Based on Folk an
d Ward values. 
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Grass bed samples consisted p
redominantly of moderately 
sorted, medium sized sand. T
he average mean phi size was 
1.210 
for transect #1 and 1.630 for 
transect #2. Sorting values 
for 
grass bed samples averaged 1.0
80 for the first transect and 
0.830 
for the second. 
Skewness values ranged from -
0.490 to 0.130 and averaged 
0.080 and -0.180 (transects #1 and #
2, respectively). Kurtosis 
values ranged from 0.990 to 3.3
70 (mesokurtic to extremely 
leptokurtic) and averaged 1.280 and 
2.180, transects #1 and #2, 
respectively. 
Constituent Particle Analysis
 
Particles were identified int
o one of six categories: 
coral; molluscs; foraminifera
; Halimeda; coralline algae; 
and 
miscellaneous (includes unidentified
 particles). Percentages of 
these constituent particles w
ere calculated from point cou
nts and 
then converted to weight perc
ents (Appendix III). 
Results of the cursory exami
nation of major constituents for 
rounding (abrasion/breakage) showed 
that rounding of the subtidal
 
constituents occurred in the 
same manner as did their beac
h 
counterparts (Figure 6). 
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Long Key Beach 
Figure 9 shows the a
verage percent of e
ach constituent type
 
in the 00 and 10 size fra
ctions for both sand
 patch and grass bed
 
areas. In both sube
nvironments Halimeda
 and molluscs were t
he 
' 
major constituents in both
 phi fractions. In 
transect #2 the 
percentage of coral
line algae approache
d, and even equalled
 (in 
the 00 fraction), the per
centage of molluscs
 that were found in 
the samples. 
Roundness of particl
es was determined by
 visual comparison 
of the particles wit
h standard images p
repared by Powers, 1
953 
(Blatt, et al., 1972). 
Constituents in sam
ples from the sand p
atch regions, both 00 
and 10 size, closely rese
mbled constituents 
from the surface 
beach samples in deg
ree of abrasion and 
breakage, Within sa
ndy 
areas mollusc pieces
 in the 00 fraction tend
ed to be mostly 
angular to subangula
r in shape. Other c
onstituents were 
basically subangular
 with some subround 
particles. Mollusc
s in 
the 10 fraction were mos
tly subangular, as w
ere the Halimeda 
segments, while othe
r particles tended t
o be subangular to 
subround. Overall, 
most particles in t
he 10 fraction were 
rounder than their c
ounterparts in the 
00 fraction. 
Particles in sample
s from grass bed are
as were generally n
ot 
as abraded as ones f
rom sand areas, par
ticularly in those g
rass 
bed samples closest 
to shore. Particles
 in the 10 fraction were
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generally rounder t
han those of 00 size, a
s in the sand patch
 
samples. 
Boca Chica Beach 
Figure 9 shows the 
average percent of
 each constituent 
type 
in the 00 and 10 size f
ractions for sand p
atch and grass bed 
areas. In all reg
ions foraminifera w
ere the major constituen
ts 
in both phi fractio
ns. 
Particles·from sam
ples taken in sand 
patch areas, both 
00 
and 10 size, closely re
sembled particles 
from the surface be
ach 
samples in degree o
f abrasion and brea
kage. Within these
 sandy 
areas mollusc fragm
ents in the 00 frac
tion were mostly s
ubangular 
with some angular 
fragments. Other c
onstituents were g
enerally 
subangular to subro
und in shape, with
 occasional round p
articles 
(coral, forams, and cor
alline algae). Mollusc
s in the 10 
fraction were most
ly subangular or su
bround, as were man
y of the 
Halimeda segments. 
Other constituents 
tended to be subrou
nd with 
some subangular pa
rticles included in
 the samples. Gen
erally, 
most particles in 
the 10 fraction were ro
under than their 
counterparts in the
 00 fraction. 
Particles in sampl
es from grass bed a
reas were generall
y not 
as abraded, or poli
shed, as particles
 found in the sandy
 regions. 
Particles in the 10 fra
ction were mostly 
rounder than those
 of 
the 00 size. 
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DISCUSSION 
Size distribu
tion, textura
l analysis and
 constituent 
particle com
position have 
previously be
en used to di
fferentiate 
general enviro
nmental chang
es on a large
 scale within
 the Florida 
Reef Tract. 
In this study
, these analy
ses are used 
in an attempt
 
to determine 
what changes 
occur within 
the beach, su
btidal sand 
and subtidal 
grass subenvir
onments, caus
ed by minor v
ariances in 
the physical 
or biological
 parameters, a
nd to determi
ne if these 
variances are
 consistent f
or the differ
ent beach loc
alities 
investigated.
 
Beach 
Long Key Beac
h 
The surface s
amples showed
 a modal conc
entration in 
the 20 
size fraction
 (Fig. 10). The 
sediment cons
isted of mode
rately 
well sorted (0.540
) medium sized san
d, with a gra
nd mean grain
 
size of 1.430
 (Table 3). The
 beach sands 
were negative
ly to 
positively sk
ewed, averagi
ng -0.040 (nearl
y symmetrical). 
The 
surface sampl
es were all l
eptokurtic, w
ith a grand m
ean of 1.230. 
Very little v
ariability ex
isted between
 the surface 
samples, or 
between the t
ransects, for
 size distrib
ution and tex
tural 
parameters at
 Long Key. 
Microscopic a
nalysis of th
e skeletal co
nstituents in
dicated 
that Halimeda
 and molluscs
 accounted fo
r approximate
ly 75% of the 
67 
75 LONG KEY BOCA CHICA
 KEY 
60 
75 
60 
i 45 
co 
~ t 30 
... 
~ 
II 15 
7G 
60 
0 
BEACH 
2 3 4 
2 3 
SANDY 
PATCHES 
GRASS 
BEDS 
0-1--+--4--~-,i--J---'--1 
-I O I 2 3 
PHI SIZE FRACTION 
~3l5-I O I 2 3 
PHI SIZE FRACTION 
Figure 10. Average weight percents within sube
nvironments. 
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TABLE 3. Mean Textural Pa
rameters Within Subenviro
nments 
Mean Grain Sorting Skewness 
Kurtosis 
Size 
~ ~ ~ 
~ 
Grand mean Grand mean 
Grand mean Grand mean 
BEACH 1.43 0.54 -
0.04 1.23 
med. sand mod. well 
nearly symm. lepto 
>-~ 
:,.:: 1.12 0.89 
-0.06 1.07 
t!) SAND 
z med. sand mod. 
nearly symm. meso 
0 
-l 
0.84 1.17 
-0.10 1.04 
GRASS coarse sand poor 
neg. meso 
1.04 0.67 
-0.19 1.53 
BEACH med. sand 
>-
tll 
mod. well neg. 
v. lepto 
~ 
<i:: SAND 
1.81 0.64 
0.19 1.02 
u 
1-1 med. sand mod. well
 pos. meso 
:::t: 
u 
<i::: 1.42 0.95 
-0.05 1. 73 
u 0, GRASS IXl med. sand mod. 
nearly symm. v. lepta 
Textural parameters base
d on Folk and Ward value
s. 
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00 size fraction and 90% of the 10 size fraction (Fig. 11). 
Molluscs included a wide variety of gastropods and bivalves which 
were not more specifically identified due to difficulties in 
separating the fragments at the 00 and 10 sizes. Within the 10 
fraction, only small differenc·es in percent ( < 10%) of the major 
constituents, Halimeda and mollusc fragments, were noted between 
samples. Minor constituents showed very little variance in 
percentages. The 00 fraction showed a greater variance between 
samples in percent of Halimeda. The other constituents, however, 
showed percent differences similar to those found within the 10 
fraction. 
Grain rounding, due to breakage and/or abrasion, was 
difficult to determine due to the great variety of original grain 
shapes. Visual inspection of the carbonate particles indicated 
that very few grains showed signs of recent breakage, however, 
most did show signs of having been abraded. 
Particles in the 00 fraction tended to be subangular in 
shape except for the mollusc fragments which were angular or 
subangular. Grains in the 10 fraction tended to be subangular to 
subround, although most Halimeda and mollusc pieces were 
subangular (Halimeda grains tended to split longitudinally from 
their 00 shape to a more angular 10 shape). Generally, the 10 
size particles were rounder and appeared slightly more abraded 
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than their counterpar
ts in the 00 size fraction, 
but otherwise 
showed no obvious text
ural differences. 
Analysis of the vertic
al beach sections indi
cated small 
changes with depth in 
size distribution and 
textural parameters. 
Bottom sediment was sl
ightly coarser than th
e surface sediment 
(modal concentration in the
 10 fraction) and showed in
creases of 
up to about twenty-fiv
e percent in the 00 and 1~ s
ize fractions 
(Fig. 5). The sediment con
sisted of medium sand t
hroughout the 
vertical sections. B
ottom samples were mo
derately sorted, 
positively skewed and 
were all mesokurtic (Table 
lA). Very 
little variation was f
ound between samples (of ne
arly equivalent 
depth) in the two vertical 
transects for any of t
hese parameters. 
Although actual point
 counting of the bottom
 samples was not 
done, visual estimatio
n and inspection of th
e constituents for 
percentages and roundi
ng was noted, The per
cents of the 
constituents within bo
ttom samples varied fro
m the percents in 
the top samples as lit
tle as they did in com
parison of surface 
samples with each oth
er. Samples collected
 deeper in the 
vertical sections had 
more angular constitue
nts, and contained 
larger segments of co
ralline algae and more 
whole mollusc shells. 
Generally, the constit
uents in the bottom sa
mples showed less 
signs of abrasion (i.e. po
lishing and rounding o
f edges) 
indicating less partic
le to particle interac
tion of constituents, 
possibly due to buria
l by the overlying sed
iment. 
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Boca Chica Beach 
The surface samples showed a modal concentration in the 20 
size fraction (Fig. 10). The sediment consisted of moderately 
well sorted (0.670) medium sized sand, with a grand mean grain 
size of 1.040 (Table 3). The sand was negatively skewed, 
averaging -0.190. The surface samples were leptokurtic ·or very 
leptokurtic, with a grand mean of 1.530 (very leptokurtic). Size 
distribution variability between samples was minimal. Slight 
differences (10% or less) were found between transects in 
percentages for the 00 and 10 size fractions. The mean grain 
sizes of the samples were within the limits of medium sand 
although some were close to coarse sand (10 to 00 size). 
Variation between the two transects was less than 0.50 for mean 
grain size. Sorting values for the samples generally fell 
between well sorted and moderately sorted, but the transect 
averages themselves were only about 0.20 apart. Skewness values 
for all samples were negative. Kurtosis values fluctuated 
independently between both samples and transects. 
Analysis of the constituents indicated that Halimeda and 
molluscs accounted for, on the average, 81% of the 00 size 
fraction and 76% of the 10 size fraction (Fig. 11). Within the 
10 fraction small differences in percent (<10%) of Halimeda were 
noted between samples. Other constituents showed very little 
variance in percentages. The 00 fraction showed a greater 
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variance between samples in percent of Halimeda. The other 
constituents showed differences in percent similar to those found 
within the 10 fraction. 
Visual inspection of the grains indicated that most 
particles exhibited no signs of recent breakage. Grains were 
rounded and many had polished exteriors. Forams tended to be 
pitted and polished. Particles in the 00 fraction were 
subangular to subround except for the mollusc fragments which 
were mostly subangular. Grains in the 10 fraction tended to be 
subround, although most Halimeda and mollusc fragments were 
basically subangular. The only obvious textural difference 
noticed between the 00 and the 10 grains was that the 10 grains 
appeared more rounded and abraded than their counterparts. 
Results from the vertical beach sections indicated slight 
changes with depth in size distribution and textural parameters. 
Samples collected in July 1980 showed that bottom sediment was 
only slightly coarser than the surface sediment with increases of 
up to about ten percent in the 00 and 10 size fractions (Fig. 5). 
The sediment consisted of medium to coarse sand near the top of 
the sections and coarse sand at the bottom, Bottom samples were 
generally moderately to poorly sorted, negatively skewed and were 
all very leptokurtic (Table lB). Vertical samples collected in 
January 1981 were more consistently medium sand throughout the 
section. Top samples showed a greater percentage of 00 and 10 
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particles than samples taken during July, but w
ith increased 
depth the percents within the two phi fractions 
decreased for the 
winter samples. Within the vertical sections, 
only small 
differences were noted in size distribution betw
een samples. 
Mean grain size and sorting showed greater varia
tion between 
transects in the bottom samples than in the surf
ace samples. 
Kurtosis values remained constant between transe
cts. 
Visual estimation of percentages of constituent
s for both 
July and January indicated that there was little
 variation 
between bottom samples and surface beach samples
. Particles in 
the bottom samples were more angular and showed 
fewer signs of 
abrasion than the surface samples, and also cont
ained greater 
amounts of larger coralline algae segments and w
hole mollusc 
shells. Generally, the bottom sediment appeared
 to have been 
less agitated than that found on the surface. 
Comparison of beach sections 
Surface sediment at both beach sections consiste
d of 
moderately well sorted, medium sized sand. A sl
ight difference 
in mean phi grain size, less than 0.5 phi, was no
ted between the 
two beaches, with sediment at Boca Chica being s
lightly coarser 
than at Long Key. Mean grain size generally re
flects either the 
competence of the transport process, and therefo
re the energy of 
that environment, or the size of the coarsest m
aterial available 
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to the beach. The slight difference
 in mean grain size is due 
either to the carbonate sources (i.e. the ca
rbonate secreting 
organisms and the reef) or to subtle differe
nces in the level of 
energy associated with the two beach
es (either at the present 
time, during normal energy condition
s, or from sometime in the 
recent past when storm generated wav
es affected the area). 
Sorting in carbonate sediments is us
ually related to the 
organisms contributing grains to the
 sediment and the environment 
of deposition (Blatt, et al., 1972; Folk and
 Robles, 1964). 
Average sorting values at both Long 
Key and Boca Chica were quite 
similar, indicating that present ene
rgy levels at both beaches 
are comparable. Boca Chica sedimen
ts were slightly coarser and 
more poorly sorted than those found 
at Long Key. 
Skewness values at Long Key beach sh
owed a wide range of 
values, while values at Boca Chica w
ere all negative. Average 
values differed by less than 0.2 ph
i. The average skewness 
values incidate that in this low to 
moderate energy environment, 
Boca Chica and Long Key beach sedim
ents have had either some fine 
sediment winnowed out, or some coars
e material (i.e. mollusc, 
coral and algal debris) added. Positive val
ues at Long Key may 
be the product of coarser material b
eing broken down into finer 
material and then removed from the 
sediment by wave and current 
action. 
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Kurtosis has not been widely used in associat
ion with reef 
sediments. Hursky (1977) determined that values obtaine
d in his 
study of carbonate sediment at Lower Metecumb
e Key were not 
defining nor did they show variances in the s
ediments. Average 
kurtosis values differed between Long Key and
 Boca Chica by 
approximately 0.3 phi. Skewness and kurtosis
 values had a wider 
range between the two beaches than the other 
textural parameters. 
Variability of the textural parameters within
 each beach section 
was determined to be less than that between t
he two beaches. 
Halimeda and molluscs were the major contributors to the 
sediment at both beaches. Variability betwee
n samples of the 
constituent percents within each phi fraction
 (00 and 10), at 
each beach locale, was minimal except for flu
ctuating percentages 
of Halimeda in the 00 fraction. Within the 00 frac
tion the 
average percentage of each major constituent (Halimeda, mo
lluscs, 
foraminifera) varied about ten percent or less between 
Long Key 
beach and Boca Chica beach (Fig. 11). Minor constituen
ts varied 
four percent or less between the two beaches.
 Average Halimeda 
percent within the 10 fraction varies slightly more
 than 
twenty-five percent between the two beach loc
ales, with Long Key 
samples containing the greatest amount of th
is constituent. 
Molluscs and foraminifera percents differed l
ess than ten 
percent. Minor constituents varied six perce
nt or less between 
the beaches. The average percent of the tota
l samples found in 
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either the 00 or 10 size fractions do
ubled at Boca Chica beach 
(Table 4). Variance between the 00 o
r 10 fraction percents was 
greatest among the major components of 
the sediment; Halimeda, 
molluscs, and foraminifera, in
 decreasing order. Halimeda an
d 
molluscs showed differences in
 percent between the two phi 
fractions, at each beach, rang
ing from about 20% to 30%. 
Foraminifera percentages varie
d approximately 5% to 15% betwe
en 
the two phi sizes. Greater va
riability was indicated between
 the 
00 and 10 constituent percents at eac
h beach locale than between 
the beaches in either the 00 fraction
 percents or the 10 fraction 
percents. 
Grain rounding was noted to be
 similar at both beaches. 
Boca Chica constituents were g
enerally rounder and slightly m
ore 
abraded than their counterpart
s from Long Key beach. The 
relative resistance of constit
uents to abrasion was the same
 at 
both beaches, with Halimeda an
d coralline algae appearing le
ss 
resistant than most molluscs. 
Coral pieces were usually quit
e 
abraded, probably due to the d
istance of transport from offsh
ore 
reefs. Foraminifera tests ten
ded to be whole at both beach 
locales signifying their stron
g resistance to breakage. 
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TABLE 4. Average Weight Percent
s of Total Sample 
L O N G 
Beach· 
% of Total 
Sample Within 2% 
00 Fraction 
% of Total 
Sample Within 18% 
1¢ Fraction 
Sand 
12% 
32% 
K E Y BOCA CHICA 
Grass Beach Sand 
13% 4% 2% 
26% 37% 12% 
79 
KEY 
Grass 
7% 
28% 
Forams from samples at Boca Chica 
generally were more pitted and 
appeared more abraded than at Long 
Key. 
Sediment in the vertical sections 
tended to coarsen with 
depth, and showed less signs of ab
rasion. Grains were more 
angular in shape with depth, and m
ore unbroken shells and larger 
segments of coralline algae were n
oted. This trend in less 
rounding with depth appears to be d
ue to the contribution of 
overlying material to the sediment
 deposit, thereby.reducing 
agitation of the deeper particles. 
Subtidal 
Long Key Beach 
The sand samples showed a bimodal 
concentration in the 10 
and 20 size fractions (Fig. 10). The sedim
ent consisted of 
moderately sorted (0.890) medium sized sand, w
ith a grand mean 
grain size of 1.120 (Table 3). Skewness v
alues ranged from 
negative to nearly symmetrical, av
eraging -0.060. The samples 
were all mesokurtic, with a grand 
mean of 1.070. Results 
indicate that little variability e
xisted between the samples, or 
between the transects, for size di
stribution and textural 
parameters within the sand patch a
reas. 
The grass bed samples showed a trim
odal concentration in the 
10, 20, and 30 size fractions (Fig. 10). The 
sediment consisted 
of poorly sorted (1.170) coarse sized sand, w
ith a grand mean 
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grain size of 0.840 (Table 3). Skewness values ranged from 
negative to positive, averaging -0.100. The samples w
ere all 
mesokurtic, with a grand mean of 1.040. Samples colle
cted from 
the grass bed areas showed more variability than san
d patch 
samples in size distribution and textural parameters
. 
Analysis of skeletal constituents from the sand sam
ples 
indicated that Halimeda and molluscs accounted for, 
on the 
average, 69% of the 00 size fraction and 85% of the 10 
size 
fraction (Fig. 11). Only small differences in percent (<10%) of 
each constituent were noted between samples in the 
10 fraction. 
The 00 fraction showed a greater variance between samp
les in 
percent of Halimeda and percent of coralline algae. 
Other 
constituents in the 00 fraction showed percent differen
ces 
similar to those found within the 10 fraction. 
Analysis of constituents from samples collected wit
hin the 
grass beds indicated that Halimeda and molluscs made
 up 
approximately 70% of the 00 size fraction and 86% of th
e 10 size 
fraction (Fig. 11). The only constituents in the 10 fraction 
which showed percentage differences between samples 
of greater 
than ten percent were Halimeda and coralline algae. 
The variance 
between samples of these two components was less tha
n fifteen 
percent. Comparison of constituent percentages betw
een transects 
showed percent differences of less than fifteen per
cent. 
Constituent percents in the 0~ fraction showed littl
e variance 
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except for Halimeda and coralline algae, which both showed 
greater variance between samples than their counterparts in the 
10 fraction. Comparison of the two transects indicated that 
Halimeda and coralline algae varied approximately twenty percent 
between transects. 
Particles within the two subtidal environments showed only 
slight difference~ in the amount of abrasion, with some samples 
from the grass beds being less abraded. Few grains showed signs 
of recent breakage. Within the 00 fraction, grains from some 
grass samples nearest shore exhibited less signs of polishing. 
These same samples contained larger amounts of non-pitted 10 
sized foraminifera. Grains in the 00 fraction tended to be 
subangular in shape except for mollusc pieces which were angular 
or subangular. Particles in the 10 fraction were generally 
rounded and slightly more abraded than their counterparts from 
the 00 fraction, but otherwise exhibited no obvious textural 
differences. 
Boca Chica Beach 
The sand samples showed a bimodal concentration in the 20 
and 30 size fractions (Fig. 10). The sediment consisted of 
moderately well sorted (0.640) medium sized sand, with a grand 
mean grain size of 1,810 (Table 3). The sand was positively 
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skewed, averaging O
 .190. Kurtosis value
s averaged L 020 
(mesokurtic) for the san
d patch samples. L
ittle variability wa
s 
noted between sampl
es, or between the t
ransects, for size 
distribution and te
xtural parameters. 
Results from the gr
ass bed samples ind
icated a trimodal 
concentration in th
e 10, 20, and 30 size
 fractions (Fig. 10). 
The sediment consis
ted of moderately so
rted (0.950) medium sized 
sand, with a grand m
ean grain size of 1
.420 (Table 3). Skewnes
s 
values ranged from 
negative to positiv
e, averaging -0.050 (nea
rly 
symmetrical). Kurtosis 
values, which sprea
d over a very wide 
range, averaged 1.73
0 (very leptokurtic). G
rass bed samples 
showed more variabi
lity in size distrib
ution and textural 
parameters than sam
ples from the sand r
egion. 
Analysis of constit
uents from the sand
 samples indicated 
that foraminifera a
ccounted for approx
imately 51% of the 00
 
fraction, while Hal
imeda and mollusc fr
agments contributed
 about 
45%. Within the 10 f
raction, foraminife
ra accounted for 
approximately 40% of 
the sediment, where
as Halimeda and mol
luscs 
made up, on the ave
rage, 57% (Fig. 11). M
ollusc, foraminifera
 
and Halimeda percen
ts in the 10 fractio
n varied by twelve 
percent 
or less between sam
ples. Minor constit
uents showed very l
ittle 
variance in percent
ages. Foraminifera
 and Halimeda perce
nts were 
even more var
iable in the 00 fraction
, showing difference
s 
between samples of 
up to forty-four pe
rcent. Other const
ituents 
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showed differences in percent similar to those found within the 
10 fraction. 
Analysis of constituents from samples collected within the 
grass beds indicated that Halimeda and molluscs made up, on the 
average, 60% of the 00 fraction, while foraminifera contributed 
about 35%. Foraminifera accounted for approximately 45% of the 
10 fraction, Halimeda and molluscs 49%. The grass bed samples 
showed the most variance in constituent percentages between 
transects. The 111) fraction from samples in transect ill had less 
than a ten percent difference between samples for each 
constituent. Halimeda and foraminifera showed a variance between 
samples in transect 112 of twenty to twenty-five percent, while 
other constituents showed differences of less than ten percent. 
Comparison of samples from the two transects indicated that 
molluscs and Halimeda varied from 15% to 36% between them. 
Foraminifera varied as much as 62%. The 00 fraction showed less 
variation between transects, with constituent percentages from 
samples in transect 112 varying less than ten percent between 
samples. Results from the first transect indicated that molluscs 
varied twelve percent between samples. Foraminifera varied 
approximately 26%. Comparison of the two transects indicated 
that Halimeda and mollusc percents varied from about 30% to 40% 
between transects. Foraminifera varied as much as 65%. Within 
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both phi fractions samples from
 transect Ill contained the 
greatest percentage of forams. 
Particles from samples collecte
d from the grass bed areas 
were generally not as abraded a
s particles from the sand patch 
regions. Few grains showed sig
ns of recent breakage. Particle
s 
in the 00 fraction tended to be subangu
lar to subround in the 
sandy areas and subangular in th
e grassy areas. Mollusc 
fragments were mostly subangula
r in shape in both 
subenvironments, with more angu
lar fragments noted in the sandy
 
areas. Grains in the 10 fraction were g
enerally rounder and 
slightly more abraded than thei
r counterparts from the 0~ 
fraction, except in the grass b
ed samples where particles tende
d 
to be slightly less abraded. N
o other obvious textural 
differences were noted. 
Comparison of subtidal sections
 
Sand Patch Regionr. - Sand sampl
es at both beach sections 
consisted of medium sized sand. 
Sediment at Boca Chica was 
slightly coarser (by approximately 0.7 
phi) than at Long Key. 
Living organisms at both locale
s were minimal and consisted 
mainly of molluscs, crustaceans
, and echinoderms. Other 
potential sources for sand-sized
 sediment are: dead reef rubbl
e 
from the reef and shelf edge; th
e large sand shoals landward of
 
the reef; and in the case of Lon
g Key, Tennessee Reef. 
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Variability in mean phi size is probably due to either the 
distance from the beach sections to source areas, or to subtle 
differences in the energy levels associated with each locale. 
Sorting values at both Long Key and Boca Chica indicated that the 
sediment was more well sorted at Boca Chica, with a variance 
between beaches of less than 0.3 phi. Boca Chica sediments were 
slightly coarser and more well-sorted than those found at Long 
Key. Samples from Boca Chica were positively skewed, while 
skewness values ranged from negative to nearly symmetrical at 
Long Key. Variation in the average skewness between the two 
beaches was less than 0.25 phi. Samples from both beach 
localities were mesokurtic, with average values differing by only 
0.05 phi. Variability within each sand section was determined to 
be less than that between the two beaches. Skewness and kurtosis 
values had a wider range of values between the two beaches than 
the other textural parameters. 
At Long Key, Halimeda and molluscs were the major 
contributors to the sediment in both 00 and 10 fractions, while 
at Boca Chica foraminifera accounted for the greatest percent of 
the sediment. Constituent percentages in the 10 fraction showed 
less variance between samples than percentages in the 00 
fraction. Within the 00 fraction the average percent of 
foraminifera, Halimeda and coralline algae varied approximately 
40%, 20%, and 15%, respectively, between Long Key and Boca Chica. 
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Other constituents varied
 six percent or less betw
een the two 
beach locales. Average H
alimeda and foraminifera 
percents within 
the 10 fraction both varied 
approximately thirty-fiv
e percent 
between the two beaches. 
All other constituent pe
rcentages 
differed by less than ten
 percent. The average p
ercent of the 
total samples found in th
e 00 fraction dropped by about 
a sixth 
at Boca Chica (Table 4). The 
average percent in the 10 fr
action 
dropped by approximately
 a third. Variance betw
een the 00 and 10 
fraction percents, for e
ach constituent, was gre
atest for 
Halimeda and mollusc frag
ments at Long Key (about thirt
y percent 
and fifteen percent, res
pectively). Other constituent
s at Long 
Key, and all of the cons
tituents at Boca Chica, s
howed percent 
differences between the 
two phi fractions of app
roximately ten 
percent or less. Greate
r variability was indicat
ed between the 
two beach locales in eith
er the 00 fraction percents or 
the 10 
fraction percents than b
etween the 00 and 10 constituen
t 
percentages at either Lo
ng Key or Boca Chica. H
alimeda and 
foraminifera showed the 
greatest percent differen
ces between the 
two beaches in either ph
i size fraction (approximately
 twenty to 
forty percent) • 
Grain rounding was noted 
to be similar in both san
dy areas, 
with Boca Chica grains b
eing slightly rounder and
 more polished 
than particles from Long
 Key. Little recent bre
akage was evident 
among the grains. Halim
eda and coralline algae 
seemed less 
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resistant to abrasion than t
he mollusc fragments at both
 beach 
localities. Coral pieces w
ere usually well abraded, pr
obably due 
to the distance to the sourc
e areas. Foraminifera tests
 tended 
to be whole, however, the te
sts froni Boca Chica were mo
re pitted 
and appeared more abraded (e.g. po
lishing, percent of broken 
fragments) than at Long Key. 
Grass Bed Regions - Grass sa
mples consisted of medium si
zed sand 
at Boca Chica. Sediment at 
Long Key consisted of coarse
 sand, 
coarser than the sediment of
 Boca Chica by approximately
 0.6 phi. 
Living organisms at both loc
ales included crustaceans, a
nd 
epibionts which attach thems
elves to Thalassia blades. 
The grass 
beds hosted a variety of liv
ing codiacean and coralline 
algae in 
amounts greatly exceeding ot
her subenvironments. Other,
 more 
distant, potential sources o
f sediment are the reef and 
the sand 
shoals shoreward of the reef
. Slight variations in text
ural 
parameters between beach loc
ales could be attributed to 
either 
distance from the source are
as, subtle differences in en
ergy 
levels, or host organisms c
onstributing coarser grained
 material 
at Long Key. Grass bed samp
les showed poorer sorted, wi
th Boca 
Chica samples having a sligh
tly better average sorting v
alue than 
Long Key samples (by approximately
 0.2 phi). Long Key sediments 
were slightly coarser and m
ore poorly sorted than those
 found at 
Boca Chica. Skewness values
 at both beach locales showe
d a wide 
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range of values, however, the 
variation between the average 
values at each beach was only 
0.05 phi. Samples from Long K
ey 
were all mesokurtic, while sam
ples from Boca Chica showed a w
ide 
range of values. The average 
kurtosis vlaues between each b
each 
locale differed by as much as 
0.7 phi. Variability within e
ach 
grass section was determined to
 be less than that between the
 two 
beaches, however, Boca Chica s
amples varied more within this
 
region than any other group of
 samples. Skewness and kurtos
is 
values, and sorting values for
 Boca Chica, showed much more 
variability within this subenv
ironment. 
Halimeda and molluscs were the
 major contributors to the 
sediment in both the 00 and 10 fract
ions at Long Key. 
Foraminifera accounted for the
 greatest percent of the sedim
ent 
within each fraction at Boca C
hica, with Halimeda and mollusc
 
percentages a close second and
 third. Constituent percentag
es in 
the 10 fraction of Long Key samples 
showed less variance between 
samples than percentages in th
e 00 fraction. Constituent 
percentages in the 10 fraction at Bo
ca Chica showed less variance 
between samples than percentag
es is the 00 fraction at transect 
#1 only. Samples from the sec
ond transect at Boca Chica sho
wed 
greater variance in the 10 fraction 
percents than in the 00 
fraction. Greater variance be
tween transects in percent of 
the 
major constituents was noted at Boca Ch
ica, particularly in the 
amount of foraminifera. With
in the 00 fraction the average 
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percent of for
aminifera, Hal
imeda and cora
lline algae va
ried 
approximately 
30%, 15%, and 
20%, respectiv
ely, between L
ong Key 
and Boca Chica
. Other const
ituents varied
 five percent 
or less 
between the tw
o beach locale
s. Average fo
raiminfera and
 Halimeda 
percents withi
n the 10 fraction
 varied approx
imately 40% an
d 35%, 
respectively, 
between the tw
o beaches. Al
l other consti
tuent 
percentages di
ffered by less
 than five per
cent. The ave
rage 
percent of the
 total samples
 found in the 
00 fraction dropp
ed by 
about half at 
Boca Chica (Table
 4). The average
 percent in th
e 
10 fraction was ap
proximately th
e same at both
 beach section
s. 
Variance betwe
en the 00 and 10 
fraction perce
nts, for each 
constituent, w
as greatest fo
r Halimeda at 
Long Key. Oth
er 
constituents sh
owed differenc
es of six perc
ent or less be
tween 
the two phi fra
ctions. Varia
nce between th
e 00 and 10 fracti
on 
percents at Bo
ca Chica was g
reatest for mo
llusc fragments
 and 
Halimeda (about fi
fteen percent 
and ten percen
t, respectively
). 
Other constitue
nts showed per
cent differenc
es of less tha
n five 
percent. Grea
ter variability
 was indicated
 between the tw
o beach 
locales in eith
er the 00 fractio
n percents or 
the 10 fraction 
percents than 
between the 00 an
d 10 constituent 
percentages at
 
either Long Ke
y or Boca Chic
a. Halimeda an
d foraminifera
 showed 
the greatest p
ercent differen
ces between th
e two beaches 
in 
eit~er phi siz
e fraction (appro
ximately fifteen t
o forty 
percent). 90 
Particles from samples at B
oca Chica tended to be slig
htly 
less abraded than those from
 Long Key. Samples nearest
 shore at 
both beaches exhibited the 
least amounts of polishing 
or 
abrasion. Very little rece
nt breakage was evident amo
ng the 
grains. Halimeda and coral
line algae seemed less resi
stant to 
abrasion than most of the m
olluscs at both beach sectio
ns. Coral 
pieces were the most abrade
d. Foraminifera tests tend
ed to be 
whole, however, the tests 
from Boca Chica showed more
 signs of 
pitting and polishing than 
at Long Key. 
Comparison of the Subenviro
nments 
It seems evident that becau
se the subenvironments are 
subjected to different physical and
 biological factors, the 
sediment within each subenv
ironment should show at lea
st minor 
variances in the textural p
arameters. Sediment at bot
h beach 
locales consisted of moder
ately well sorted, medium si
zed sand. 
Average skewness ranged fro
m nearly synnnetrical to ne
gative, and 
kurtosis ranged from leptok
urtic to very leptokurtic. 
In 
general, the beach samples 
at both locales showed the 
best 
sorting. Sediment within b
oth sand patch regions cons
isted of 
moderately to moderately w
ell sorted, medium sized san
d. 
Skewness within this subenv
ironment ranged from nearly
 
synnnetrical to positive, an
d all samples were mesokur
tic. Grass 
bed samples showed the mos
t variability in textural p
arameters 
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within each beach locale. Sediment at Long K
ey was poorly 
sorted, coarse grained sand, while sediment at
 Boca Chica 
consisted of moderately sorted, medium sized s
and. Boca Chica 
samples were more well sorted in both subtida
l environments than 
Long Key samples. Skewness values ranged from
 nearly symmetrical 
to negative within the grass samples, and kurt
osis ranged from 
mesokurtic to very leptokurtic. 
General trends in the textural parameters were
 noted in the 
samples collected along the transects from the
 beach seaward to 
the grass bed regions. Sediment at Long Key b
ecame progressively 
coarser and more poorly sorted. Boca Chica se
diment was more 
fine grained in the sand patch regions and the
n became coarser in 
the grass beds. Although sorting in the Boca 
Chica subtidal 
sediments was in general better than at Long K
ey, samples further 
offshore at Boca Chica did show poorer sorting
 than the beach 
samples. Skewness and kurtosis did not show a
ny well-defined 
trends along the transects. 
Comparisons of the sediment from all three sub
environments 
indicated that variability of mean phi grain s
ize and sorting was 
approximately the same either between the sube
nvironments at each 
beach locale, or between Long Key and Boca Ch
ica Key for each 
subenvironment. 
Carbonate producing organisms are responsible 
for the 
formation and later modification of the sedim
ent, therefore, 
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sediment differentiation with
in local subenvironments of th
e Reef 
Tract requires the recognitio
n of gradual changes in the r
elative 
abundances of the major constituents. 
In this study, constituent 
composition was also used to 
determine what changes occur 
within 
the 00 and 10 size fractions on a loc
al scale, and to determine 
how variable these changes ar
e. 
The sediment at both beach lo
cales consisted mainly of 
Halimeda and mollusc fragment
s in both the 00 and 10 fractions. 
The gre?test variability betw
een samples was indicated in 
the 00 
fraction for percentage of H
alimeda per sample. The grea
test 
variability between the two b
eaches was noted in the 10 fra
ction 
for percentage of Halimeda. 
Greater variability was indic
ated 
between the 00 and 10 percentages fo
r the constituents at each 
beach section than between th
e beaches for either of the p
hi 
fraction percents. Grain rou
nding appeared similar at bot
h 
beaches, although particles f
rom samples at Boca Chica ten
ded to 
be slightly more abraded and 
rounded. The 10 fraction gra
ins 
were slightly rounder than th
eir 00 counterparts at both beach 
sections. Sediment from samp
les taken below the surface in
 the 
vertical sections coarsened w
ith depth and showed more sign
s of 
angularity and larger unbroke
n mollusc shells. The relativ
e 
rates of resistance to abrasi
on of the different constitue
nts 
appeared to be the same at bo
th beach localities in all thr
ee 
subenvironments. 
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The sediment within
 the subtidal secti
ons at Long Key an
d 
Boca Chica Key was 
quite different du
e to the predominan
ce of 
foraminifera at Bo
ca Chica, Although
 living forams are
 known to 
exist in the back r
eef area of the Fl
orida Reef Tract, i
t was not 
visually obvious to
 the author at the
 time of sample co
llecting 
that they were abun
dant in the Boca C
hica subtidal regio
ns. 
However, it is app
arent that for the 
percentages of fora
minifera 
to be so much grea
ter here than at Lo
ng Key, a larger p
opulation 
of living forams p
robably exists in 
the areas offshore
 of Boca 
Chica beach. 
Sediment from the 
subtidal sand area 
at Long Key consis
ted 
mainly of Halimeda
 and mollusc fragm
ents in both the 00 a
nd 10 
fractions. Subtid
al sand sediment at
 Boca Chica consis
ted mainly 
of foraminifera in
 the 00 fraction, and
 foraminifera and 
Halimeda 
in the 10 fraction. 
The greatest varia
bility between the 
two 
sand sections was 
indicated in both p
hi fractions for p
ercentages 
of Halimeda and for
aminifera. Greate
r variability was i
ndicated 
between the two be
aches for either th
e 00 fraction or th
e 10 
fraction percentag
es than between the
 00 and 10 fractions 
at each 
beach locale due p
rimarily to the in
flux of forams at 
Boca Chica. 
Grain rounding and
 abrasion of the su
btidal sand grains 
closely 
resembled that of 
the beach particles
 in both the 00 and 1
0 size 
fractions. 
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Sediment from th
e grass bed area
 at Long Key con
sisted 
mainly of Halime
da and mollusc f
ragments in both
 0~ and 10 
fractions. Cora
lline algae also 
made a relatively
 large 
contribution to 
the 00 sized sedimen
t. Grass bed sed
iment at 
Boca Chica showe
d a predominance
 of foraminifera
, although in th
e 
00 fraction Halimeda
 and molluscs ea
ch contributed a
lmost as much 
to the sediment. 
Halimeda and for
aminifera percen
ts showed the 
greatest variab
ility between the
 two grass regio
ns. Greater 
variability was 
indicated betwee
n the two beach 
locales for 
either phi fract
ion than between
 the 00 and 10 fracti
ons at each 
beach. Particle
s from within th
e grass bed area
s generally 
exhibited the le
ast amount of po
lishing and abras
ion, 
particularly in 
those samples ta
ken nearest shor
e. Boca Chica 
grains tended to
 be less abraded
 than those from
 Long Key, 
although forami
nifera tests at 
Boca Chica were 
still more pitte
d 
and polished. F
oram tests from 
the grass sample
s at Boca Chica 
showed much less
 pitting and pol
ishing that thos
e from the 
subtidal sand sa
mples: 
General trends in
 the average per
centages of some
 
constituents we
re noted along th
e transects from
 the beach 
seaward to the g
rass bed regions
. At Long Key t
he percent of 
Halimeda progres
sively increased
 in the 00 fraction 
and decreased 
in the 10 fraction
. Mollusc fragm
ent percents dec
reased in the 
00 fraction and incr
eased in the 10 frac
tion. Coral pie
ces and 
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coralline algae showed slight 
increases in the percentages i
n the 
offshore regions with corallin
e algae, in the 00 fraction only, 
showing a larger progressive i
ncrease seaward along the 
transects. Foraminifera perce
nts in the 00 fraction decreased 
progressively offshore. Sedim
ent at Boca Chica showed less 
well-defined trends, probably 
due to the fact that in the 
subtidal regions the high perc
entages of foraminifera tended
 to 
mask the variability of the mi
nor constituents. Foraminifer
a 
percentages at Boca Chica incr
eased sharply in the subtidal 
sand 
and grass areas. Forams in th
e 10 fraction showed a progressive 
increase seaward along the tran
sects. All the other 
constituents, in the 00 fraction, show
ed decreases in percentages 
offshore with no apparent tren
ds. The 10 fraction percents 
decreased progressively seawar
d along the transects with the
 
exception of the coral pieces.
 
Variability between subenvironm
ents and between beach 
localities for the 00 and 10 fractions
 was dependent on 
individual constituents. With
in the 00 fraction all 
constituents, except for the m
olluscs, showed the least 
variability between Long Key b
each and Boca Chica beach, M
ollusc 
fragment percents were least v
ariable between the subtidal s
and 
and grass samples. The greate
st variability was noted for 
Halimeda, coral, molluscs and 
foraminifera percentages betwe
en 
all three subenvironments at B
oca Chica. Coralline algae 
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percents showed greatest 
variability between all t
hree 
subenvironments at Long K
ey. The 10 fraction showed leas
t 
variability between the tw
o beach sections for cora
lline algae 
and mollusc percents; wit
hin ea.ch beach locality f
or Halimeda 
percents; between the san
d and grass sections for 
coral pieces; 
and between all three sub
environments at Long Key 
for percentage 
of foraminifera. Greates
t variability in this size
 fraction was 
indicated between the thr
ee subenvironments at Boc
a Chica for all 
constituent percents. 
Summary 
Carbonate sediment in the
 study area consists chie
fly of 
Halimeda and molluscs, wi
th lesser amounts of fora
minifera and 
coralline algae, in the b
each sands. Subtidal sed
iment in the 
area was dependent upon t
he beach locality, and co
nsisted mainly 
of Halimeda, molluscs and
 coralline algae at Long 
Key, and 
foraminifera, with lesser
 amounts of Halimeda and 
molluscs, at 
Boca Chica. The in situ,
 biogenic origin of carbo
nate sediment, 
and the relatively large 
numbers of variables affe
cting the 
sediment both during and 
after deposition, have ma
de 
interpretation on a local
 scale difficult. The te
xtural 
characteristics of the se
diment are as much a func
tion of the 
carbonate secreting organ
isms that exist in any en
vironment (the 
sediment source) as they are a 
function of the sorting p
otential 
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of the environment. G
rain size is dependent b
oth on the source 
and on the physical for
ces that redistribute t
he sediment through 
an area. Although the 
area in this study, the
 littoral and 
nearshore regions, is 
relatively small, mino
r variations in the 
textural parameters and
 constituent compositio
n do occur. 
Average mean phi size w
as not particularly use
ful in 
distinguishing the thre
e subenvironments. On
ly small differences 
(averaging about 0.5 phi) in
 the means were indicat
ed between any 
of the subenvironments.
 Sediment sorting was 
the best parameter 
for differentiating the
 subenvironments. Sor
ting at Long Key 
became progressively po
orer from the beach to 
the offshore 
regions. Although sor
ting was determined to 
be similar for the 
beach and subtidal sand
 regions at Boca Chica
, the grass bed 
samples did show poorer
 sorting than either th
e beach or subtidal 
sand areas. The relati
onship between mean siz
e and sorting is 
dependent on the coarse
st grain size available
 and the sorting 
potential (the energy level)
 of the environment. It is 
suggested, therefore, t
hat subtle differences 
in energy levels 
and organism sources be
tween the beach localit
ies could account 
for the slight differen
ces in the textural par
ameters. Better 
sorting in the Boca Chi
ca subtidal samples is 
probably due to 
high percentages of sm
aller sized foraminifera
. 
Gradual changes in the 
relative abundances of 
major 
constituents were noted
 between subenvironmen
ts. The 00 fraction 
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of beach samples contained almost 
equal percentages (averaging 
thiry-six percent) of Halimeda and mollusc
s at Long Key. Boca 
Chica samples contained approximat
ely the same amount of Halimeda 
and about thirteen percent more mo
llusc fragments. Long Key 
samples also contained relatively 
high percents (about twenty 
percent) of foraminifera in this phi size.
 Halimeda percentages 
were highest in the-10 fraction at
 both beach sections~ Mollusc 
fragments dropped by approximately
 twenty percent in the 10 
fraction at Long Key and Boca Chic
a Key. In comparison, subtidal 
samples were differentiated betwee
n beach localities by the 
higher percentages of foraminifera
 contained in the Boca Chica 
sediment. The 00 fraction of the Long Key
 subtidal sand samples 
contained higher percents of Halim
eda and coralline algae, and 
lower percents of foraminifera and
 molluscs, than the beach 
samples. Percentages within the 
10 fraction showed decreased 
amounts of Halimeda and molluscs. 
The 00 fraction of the Boca 
Chica subtidal sand samples contai
ned lower percents of Halimeda 
and molluscs, and much higher perc
ents of foraminifera than the 
beach samples. Percentages within
 the 10 fraction showed 
decreases in Halimeda and a sharp 
increase in foraminifera. The 
00 fraction of the Long Key grass bed sam
ples contained higher 
percentages of Halimeda and corall
ine algae than the sand 
samples, and lower percents of for
aminifera. The 10 fraction 
contained less amounts of Halimeda
 and a greater percentage of 
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mollusc fragments. The 
00 fraction of the Boca Chica g
rass 
samples contained slight
ly higher percents of Ha
limeda and 
molluscs, and a lower pe
rcentage of forams than 
the sand samples. 
Percentages within the 1
0 fraction showed a decr
ease in mollusc 
fragments and an increas
e in foraminifera. 
Particle abrasion was gr
eatest in the beach secti
ons at both 
beach locales, particula
rly at Boca Chica where q
uite a few 
foraminifera appeared ba
dly pitted and polished. 
Grains from the 
subtidal sand samples cl
osely resembled the beac
h particles 
except for the forams fro
m Boca Chica. The foram
 tests in the 
sandy regions here appea
red less pitted and polis
hed than those 
from the beach samples. 
Grass bed particles tende
d to exhibit 
less signs of abrasion, 
particularly in the grai
ns from Boca 
Chica. 
Trends in the constituen
t percentages at Long Key
 were noted 
for all constituents, ex
cept coral pieces, in the
 00 fraction. 
Halimeda and coralline a
lgae showed progressive i
ncreases 
offshore, while mollusc 
fragments and foraminifer
a percents 
decreased. Halimeda in 
the 10 fraction progress
ively decreased 
in percent offshore. W
orth noting is the greate
r amount of 
00-sized forams througho
ut the Long Key beach sam
ples, while 
coralline algae appeared
 in higher percents in th
e 00 fraction of 
the subtidal samples. L
iving Halimeda and corall
ine algae were 
observed in great number
s within the grass bed se
ctions, yet the 
100 
percentages of these 
constituents varied li
ttle between the 
subtidal sand and gras
s samples. This sugg
ests redistribution of
 
these constituents fro
m the grass beds into
 the sand patch 
regions in almost equ
al amounts. 
Constituent percentage
 trends at Boca Chica 
only occurred in 
the 1~ fraction. Hali
meda and mollusc fragm
ents showed 
progressive decreases 
offshore, while foram
inifera percents 
increased. The percen
tage of forams on Boc
a Chica beach itself 
was only about eight p
ercent, much lower tha
n the amounts found 
in the offshore region
s and even lower than 
the percents observed 
at Long Key beach. It
 seems evident that up
on death the foram 
tests at Boca Chica ar
e incorporated into th
e sediment and 
trapped in the offshor
e regions without bein
g washed up onto the 
beach in any great qu
antities. The pitted 
and polished 
appearance of the tes
ts in the subtidal san
d area is probably due
 
to either transport o
f the forams into the
 region or the 
subaerial exposure of 
the sediment in the ne
arshore regions of 
Boca Chica at low tide
. The high percentage
 of foraminifera in 
the subtidal areas of 
Boca Chica tends to ov
ershadow the 
variability and any tr
ends of the minor con
stituents in the 
region. 
Variations in textura
l characteristics and 
constituent 
composition of carbona
te sediment are genera
lly attributed to the 
sediment source and th
e sorting potential o
f the environment. 
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Source is important in 
carbonates as it determ
ines in part the 
sediment size. The dis
tal reef appears to con
tribute little to 
the Inner Reef Tract se
diment as evidenced by 
the small 
percentages of coral pi
eces at either beach lo
cality. Sources 
for the other constitue
nts are the carbonate se
creting organisms 
themselves which live i
n the Inner Reef Tract 
environment and 
which upon death contrib
ute their skeletons to 
the sediment. 
These skeletal remains 
are broken down and abra
ded into certain 
phi sizes depending on 
the structure of the sk
eleton and its 
resistance to breakage a
nd abrasion, and on the
 sorting potential 
of its depositional env
ironment. The majority of the 
observed 
living organisms were n
oted in the grass bed a
reas and were quite 
similar in both type and
 densities at both beac
hes. Variances 
that might occur between
 subenvironments due to
 types and 
densities of organisms a
re probably masked by d
ispersal of the 
sediment throughout the 
nearshore environment. 
The variance that 
exists between the two b
each localities is prim
arily due to the 
great influx of foramin
ifera in the Boca Chica 
subtidal areas. 
The contribution of the 
forams to the Boca Chic
a sediment is the 
only notable difference 
in local sand-sized sed
iment sources for 
the two beach locales. 
The high percentages of
 foraminifera 
found at Boca Chica cou
ld be produced by: 1) greate
r amounts of 
living forams in the su
btidal regions, or 2) the tra
nsportation 
of forams out of the Lo
ng Key subtidal regions
. 
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The results of this study w
ere determined during normal 
(non-storm) wave and energy conditi
ons, and low to moderate 
energy levels were observed 
at both beaches. Little mo
vement of 
coarse grained material was 
observed in any of the 
subenvironments. Fowler (1977) no
ted that there was little 
sorting by currents or waves
 except by storm generated w
aves in 
the nearshore environment al
ong the Florida Keys. In 1
960, 
Hurricane Donna passed direc
tly over Long Key. Storm ge
nerated 
waves were observed to be re
sponsible for redistribution
 of 
material from the Outer Ree
f Tract landward towards the
 Keys. 
Sediment was transported bet
ween local subenvironments 
and washed 
over the Keys. Major storms such as
 this are now assumed to be 
responsible for most large s
cale sediment movement withi
n the 
Reef Tract. The sorting po
tential at both Boca Chica a
nd Long 
Key appear similar at the p
resent time although subtle 
energy 
differences at the two beach
es are probable. Extensive 
storms 
such as Hurricane Donna may
 be in part responsible for 
minor 
variances in the constituen
t composition between Long K
ey and 
Boca Chica. 
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CONCLUSIONS 
1. Carbonate beach s
ands from Long Key and
 Boca Chica Key, 
Florida, cannot be dis
tinguished from subtid
al sands by such 
textural characteristi
cs as mean phi grain s
ize, skewness or 
kurtosis. 
2. One textural cha
racteristic, sorting, d
oes differentiate the 
subenvironments: 
a. Beach samples are 
generally more well so
rted 
than subtidal samples; 
b. Sorting becomes pr
ogressively poorer off
shore. 
3. Constituent comp
osition analysis indica
ted some differences 
between subenvironmen
ts: 
a. Grass bed areas sh
owed greater abundance
 of 
Halimeda and coralline
 algae; 
b. Foraminifera were 
found to be especially
 
abundant in the Boca C
hica subtidal area, 
resulting in major difference
s between beach 
and subtidal sands at 
Boca Chica, and betwee
n 
Long Key and Boca Chic
a subtidal sediment; 
c. Both beach section
s showed the same rela
tive 
percentage of constitu
ents; 
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d. Beach sands can be distinguished from subtidal 
sands by changes in the relative abundance of 
the major constituents, within either the 00 
or 10 fraction. 
4. Although the energy levels and thereby the sorting potential 
' appeared quite similar at Long Key and Boca Chica Key, one 
major difference was noted in distribution of foraminifera: 
a. At Long Key, the greatest percentage of 
foraminifera occurred in the beach 
samples. 
b. At Boca Chica, the greatest percentage 
of foraminifera occurred offshore in the 
subtidal samples, with low percentages in 
the beach samples. 
5. The compositional and textural characteristics of the coarse 
fraction of beach sediments at both Long Key and Boca Chica 
Key appear to have been produced by differential size 
diminution (breakage and abrasion) of particles from 
carbonate producing organisms living in nearby potential 
source areas. Storm generated waves and currents may 
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transport sediments some distance (a few hundred meters to 
perhaps a kilometer or so) from offshore to the beaches, but 
there does not appear to be sufficient wave and current 
action during normal non-storm periods to move coarse 
carbonate sediment. 
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APPENDIX I. Sieve Analysis - Da
ta 
Sample Sample 
Weight Percent Per Phi Size Frac
tion 
Number Type ~1.750 -1¢
 00 10 20 3
0 40 
Long Key 
* 1-B-2 B 0.00 
0.42 2.08 16.80 165.861 
14.54 0.30 
1-B-4AA BV 0.00 
0.02 1. 27 17. 72 j60.81I 20.00 
0.18 
1-B-4E BV 0.00 
0.63 2.78 25.57 147 .871 
22.65 0.50 
* l-B-4G BV 0.14 
0.96 7.26 143.861 35.46 1
1. 94 0.38 
I-' * 1-SB-lB s 0.00
 0.27 1.86 15.09 160.97! 
21.24 0.57 
I-' 
~ 
j37 .101 
* l-SB-2 s 0.57 
2.29 9.33 33.78 
16.17 0.76 
1-SB-3 s 0.00 
6.48 10.00 l34.49l 31.64 
15.34 2.05 
1-SB-6D G 1.93 
12.19 21. 52 bs. 031 16.02 10.11 3.20 
* 1-SB-9 G 1.64 
2.79 8.32 27. 71 137. 831 
20.20 1.51 
* 2-B-3 B 0.00 
0 .. 07 1. 09 17.26 j69.lll 10. 72 
1. 75 
2-B-4A BV 0.00 
0.20 1.40 21.70 ~ 21.96 0.15 
* 2-B-4E BV 0. 71 
0.98 3.81 36.46 138.60! 
18.64 0.81 
2-B-4J BV 0.00 
1.25 7.66 !49.831 29.90 
9.98 1.38 
[:) Major phi size in sample. 
S = Subtidal Sand 
B = Beach 
G = Grass Bed 
BV = Beach-Vertical Section 
*=Samples used for constituent 
particle analysis. 
APPENDIX I (cont.) 
Sample Sample 
Weight Percent Per P
hi Size .Fraction 
Number Type 
?l. 75¢ -10 00 
10 20 30
 40 
Long Key 
* 
2-SB-lA 
. s 0.43 3.34 
14.42 32.08 ~ 10.91 2.53 
2-SB-2 s 
0.00 9.20 18.5
0 {36 .11j 25.73 9.03 1.43
 
* 2-SB-3 
G 0.47 15
.03 23.81 f 32 .60] 
12.95 12.37 2. 7
7 
2-SB-5 G 
0.00 12.42 7.3
6 13.62 18.38 1
33.591 14.63 
* 2-SB-6A 
G 2.71 1
2.96 13.32 26.9
9 ~ 8.68 0.82 
I-' 
I-' 
Ln Boca Chica Key 
* 1-B-1 
B 0.00 0
.23 1.18 16.70
 fzLEI 7.06 0.46 
l-B-2 B 
0.00 0.19 2.2
0 31.19 ~ 6.54 
0.79 
* 
l,-B-3A BV 
8.68 4.19 8.7
9 [47 .4ol 28.30 
2.12 0.52. 
1-B-30 BV 
7.52 7.20 14 .1
2 148. 201 20.49 
1.85 0.62 
* l-B-3G 
BV 7.44 5
.37 11. 73 l43.65j 26
. 72 3.82 1.27
 
l-SB-1 s 
6.13 4.60 9.
03 143.931 25.32 
6.06 4.93 
* l-SB-20 
s 0.00 
o.oo 0.29 18.76
 ~ 19.46 6.55 
l-SB-3 s 
0.00 0.05 0.10
 1.48 36.52 !53
 .84l 8.01 
* l-SB-5 
s 0.00 
o.oo 0.21 4.57
 [ii_jj 39.14 11.95 
l-SB-6 G 
12.26 5.88 4.7
5 7.00 !42.45! 
27.04 0.62 
l-SB-7A G 
3.78 3.80 6.95
 30.79 132.9~ 
17.91 3.80 
APPENDIX I (cont
.) 
Sample Sa
mple 
Weight Percen
t Per Phi Size
 Fraction 
Number 
Type ?1
.75¢ -1~ 
00 10 
2~ 30 
40 
Boca Chica Key
 
* 
l-SB-7C 
G 5.
80 1.24 
4.72 30.11 
132.511 22.21
 3.41 
* 
l-SB-8 
G 0.0
0 0.42 
2.26 7.60 
j69.90J 19.44 
0.38 
l-SB-9 
G 0.
85 2.08 
7.03 l4o.56I 
30.96 14. 77
 3.75 
* 
1-SB-lOA 
·G 7.1
5 4.64 
14.49 j33. 911 21
.82 14.56 
3.43 
1-SB-11 
G 0.2
0 3.25 
12.32 j46.99j 
24.49 11.15
 1.60 
l-' 
l-' * 2-B-l
 B 
o.oo 0.33
 0.83 1
5.00 j 76. 721 6.99
 0.13 
0\ 2-B-2 
B o.
oo 0.10 
2.28 47.78 
I 48.lll 1.65 0
.08 
2-8-3 
B 0.1
5 0.53 
8.51 !67 .201 
23.14 0.35
 0.12 
* 
2-B-4 
B 3.1
9 1.62 
4.42 38.47 
I 49. 291 2.29 
0.73 
2-B-SA 
BV 0.26
 0.83 
2.55 33.29 
! 55 .s6l 6.26 1.25
 
* 
2-B-5E 
BV 0.3
2 1.20 
9.52 153.341 
28.66 3.98
 2.98 
2-B-5J 
BV 0.45
 0.82 
5.68 j55. 09} 35.8
8 1.50 
0.58 
2-SB-1 
G 5.
62 2.03 
7.22 ~0.591 
16.37 4.05
 4.12 
2-SB-4 
s 0.3
0 0.27 
1.10 15.29
 I 63.281 16. 71 3
.05 
* 
2-SB-5A 
s 0.0
0 0.29 
0.49 2.12 
! 46.251 45.70 5
.15 
2-SB-5B 
s 0.5
3 0.25 
0.50 1. 73 
37.64 js5. 221 4
.13 
2-SB-6 
s 0.3
2 0.40 
1.13 5.87 
32.64 IS0.93j 
8. 71 
APPENDIX I (cont.) 
Sample Samp
le 
!Veight Percent P
er Phi Size Frac
tion 
Number Typ
e ?1,750 
-1¢ 00 
1~ 20 
3~ 4~ 
Boca Chica Key 
2-SB-7 G
 2.12 
1.67 1.50 
4.31 25.10 1
54. 781 10.52 
* 2-SB-8 
G 5.22 
0.99 0.67 
o. 71 18.36 j69.80!
 4.25 
2-SB-9 G 
15.74 5.00 
2.67 3.07 
28.32 142 .001 
3.20 
* 2-SB-lOA 
G 0.99 
5.87 20.36 .
 !39.15! 22.47 
8.83 2.33 
I-' 2-SB-11 
G 5.75 
2.35 4.63 
35.66 137.661 
12.63 1.52 
I-' 
" * 2-SB-12 
G 0.68 
0.43 2.62 
43.28 j43.6ll 8.6
1 0. 77 
APPENDIX II.·
 Textural Ana
lysis - Data 
Textural Para
meters* 
Sample 
Sample 
Mean Grain 
Sorting 
Skewness 
Kurtosis 
Number 
Type 
Size ~ 
~ ~ 
~ 
Lon~ Key 
l-B-2 
B 
1.47 
Q.56 -0.1
7 1.1
3 
l-B-4G 
BV 
1.04 
0.79 
0.12 
1.04 
1-SB-lB 
s 
1.56 
0.60 -
0.14 
1.11 
l-SB-2 
s 
1.08 
0.95 
0.04 
1.05 
,_. l-SB-9 
G 
1.21 
1.04 
-0.13 
1.10 
,_. 
0:, 2-B-3 . 
B 
1.40 
0.53 
0.10 
1.34 
2-B-4E. 
BY 
1.30 
0.79 
0.15 
1.06 
2-SB-lA 
s 
0.93 
1.02 -
0.08 
1.06 
2-SB-3· 
G 
0.41 
1.36 
0.15 
1.04 
2-SB-6A 
G 
0.54 
1.27 
-0.29 
0.92 
Boca Chica Ke
y 
l-B-1 
B 
1.37 
0.44 
-0.05 
1.24 
l-B-3A 
BY 
0.44 
1.09 
-0.39 
2.03 
l-B-3G 
BY 
0.50 
1.13 
-0.40 
1.54 
B = Beach 
G = Grass bed
 
BY= Beach-V
ertical Section
 
*=Textural 
parameters ba
sed on 
S = Subtidal 
sand 
Folk and Ward 
values. 
APPENDIX II (cont.) 
Textural Parameters* 
Sample Sample 
Mean Grain Sortin
g Skewness K
urtosis 
Number Type 
Size 0 ~ 
~ 
~ 
Boca Chica Key 
l-SB-20 s 
1.59 0.75 
0.24 1.14 
l-SB-5 s 
2.08 (only mean 
could be computed) 
l-SB-7C G 
1.27 1.33 
-0.17 1.43 
.... 
l-SB-8 
.... 
G 1.63 
0.49 -0.01 
1.19 
\0 1-SB-lOA G 
0.75 1.44 
-0.06 1.22 
2-B-1 B 
1.42 0.44 
-0.16 1.24 
2-8-4 B 
0.94 0.72 
-0.32 1.64 
2-B-SE BV 
0.84 0.76 
0.15 1.53 
2-SB-SA s 
2.03 0.54 
0.14 0.90 
2-SB-8 G 
2.17 1.02 
-0.49 3.37 
2-SB-12 G 
1.09 0.64 
0.13 0.99 
APPENDIX III. 
Constituent P
article Analys
is - Data 
.) 
Percent of To
tal Sample by 
Constituent Ty
pe ._ 
Sample S
ample Ph
i 
Coralline 
Number T
ype Fracti
on Halimeda 
Coral Alg
ae Mollus
c Foram 
Misc 
Long Key 
l-B-2 
B 00 
j49.ool 1.67 
3.33 31.6
7 14.33 
0.00 
l-B-4G 
BV 00 
j43.331 3.00
 4.00 
31.00 18.67
 0.00 
1-SB-lB 
s 00 
142.ool 
3.67 4.67
 35.66 
14.00 0.00 
l-SB-2 
s 00 
IJ;s. 331 4.33 
5.00 26.0
1 9.33 
0.00 
i:-i l-SB-9 
G 00 
jso.331 4.67
 14.67 
24 .66 4.67
 1.00 
N 
0 2-B-3 
B 00 
26.67 4.
66 5.33 
I 39.671 23.67 0.33 
2-B-4E 
BV 00 
28.00 6.
67 16.00 
j 34.33! 15.00 0.0
0 
2-SB-lA 
s 00 
133.ool 
9.67 25.67
 24.00 
7.66 o.oo 
2-SB-3 
G 00 
I 40.671 7.67 
16.67 32
.32 2.67 
0.00 
2-SB-6A 
G 00 
28.33 6.
00 !33.671 
24.67 7.33
 o.oo 
Boca Chica Key
 
1-B-l 
B Of1 
34.55 4. 7
1 2.62 
l48.70j 8.90 
0.52 
l-B-3A 
BV 0~ 
j s2.671 2.67 
2.33 37.3
3 5.00 
0.00 
l-B-3G 
BV 00 
I 49.ool 6.33 
4.67 31.6
7 7.33 
1.00 
r::::J = Major constituent 
type in sample
 
B = Beach 
s = Subtidal S
and 
BV = Beach-Ve
rtical Section 
G = Grass Bed 
APPENDIX III (cont.) 
) 
Percent of Total Sam
ple by Constituent Ty
pe L 
Sample Sample 
Phi 
Coralline 
Number Type 
Fraction Halimeda 
Coral Algae 
Mollusc Foram M
isc 
Boca Chica Key 
l-SB-2D s 
0.0 8.75 
1.25 0.00 
15.00 I 67 .sol 7.50 
l-SB-5 s 
0~ 3.70 
0.00 0.00 
14.81 I 74 .101 7.39 
l-SB-7C G 
00 19.00 
0.66 2.00 
11.67 I 66.671 0.00 
l-SB-8 G 
Of1 10.00 
1.33 0.33 
13.67 j 73.341 1.33 
I-' 
l-SB-10 G 
Of1 20.67 
1.00 7.00 
23.67 I 47 .ool 0.66 
N 
I-' 2-B-l B 
Of1 20.00 
5.52 4.83 1 ss.
s6I 13.10 0.
69 
2-B-4 B 
ot, 25.34 13
.33 6.33 14
7.34] 5.33 2.33 
2-B-SE BV 
ot, 30.33 1
1.33 1.34 !4
6.671 10.33 0
.00 
2-SB-SA s 
0¢ j38.46j 0.00 
0.00 30. 77 
30. 77 0.00 
2-SB-8 G 
Of1 36.96 
2.17 0.00 I s2.11/ 8.70
 0.00 
2-SB-12 G 
Of1 39.33 
5.67 1. 00 j44.67j 
7.67 1.66 
Long Key 
l-B-2 B 
10 In .ool 1.67 1.6
7 12.67 6.
67 0.32 
l-B-4G BV 
1~ 112.01 I 1.33 2.33 
14.67 9.33 0.3
3 
1-SB-lB s 
1.0 175.34 I 4.00 2.0
0 11.33 7
.33 0.00 
1-SB-2 s 
1~ 169.01 I 5.33 1.
33 18.00 6
.33 0.00 
l-SB-9 G 
1~ ,71.33 j 2.67 1.0
0 17.67 7.3
3 0.00 
APPENDIX III (cont.) 
J 
Percent of Total Sample by Constituent Type \. 
Sample Sample Phi 
Coralline 
Number Type Fraction Halimeda Coral 
Algae Mollusc Forarn Misc 
Long Key 
2-B-3 B 1,0 In. 331 0.67 5.00 19.00 3.00 0.00 
2-B-4E BV 1/? 167. 341 1.33 1
0.00 16.67 4.33 0.33 
2-SB-lA s 1,0 168.33 I 2.00 9.00 14.67 5.33 0.67 
2-SB-2 G 1,0 j5s. 01 I 1.66 13.00 23.00 4.33 0.00 
2-SB-6A G 1/? j5B .67 j 1.66 9.67 24.67 5.33 0.00 
I-' 
N 
N Boca Chica Key 
1-B-1 B 1,0 155. oo I 8.00 1.33 24.67 10.67 0.33 
1-B-3A BV 1$:? 144.66 I 6.00 4.67 22.67 22.00 0.00 
1-B-3G s 1.0 143.oo I 5.67 2.67 23.33 24.00 1. 33 
l-SB-20 s lt' 39.00 1.33 
2.33 16.33 I 40. 011 1.00 
1-SB-5 G 1,0 30.00 0.33 
1.33 17.67 j 48 .67j 2.00 
1-SB-7C G 1,0 17.67 0.00 
0.67 9.00 j n.ooJ 0.66 
l-SB-8 G lt' 16.67 1.33 
2.00 10.33 I 69 .341 0.33 
1-SB-10 G It' 24.33 0.67 
1.67 9.33 j 63.33! 0.67 
2-B-1 B 1,0 j5o.ool 9.67 3.33 25.33
 11.67 0.00 
2-B-4 B 1$:? 158. 33 I 7.00 1.00 22.00 11. 67 o.oo 
.... 
N 
vl 
Sample 
Number 
Boca Chica 
2-B-SE 
2-SB-SA 
2-SB-8 
2-SB-12 
Sample 
Type 
Key 
BV 
s 
G 
G 
APPENDIX III (cont.) 
Percent of Total 
Sample by Constitu
ent Type 
Phi ~ .... -----------
---
--C-o-r-al_.l.__i_n_e_
_..._ __________ __.
_...__
 ___
_
 --.....
_ 
Fraction Halimed
a. Coral A
lgae Mollusc 
Foram Misc 
1.0 js1.33 j 8.00 
3.67 22.67 
13.67 0.66 
1.0 32.33 
0.67 0.67 
28.67 j 37 .ool 0.66 
1.0 32.33 
0.33 0.33 
24.67 ! 35.341 7.00 
10 1s2.61 j 11.00 
2.67 23.33 
9.67 0.66 
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